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ABSTRACT 


V 

A  compilation  and  an  evaluation  of  experimental  data  obtained 
from  the  available  literature  are  presented  on  the  compatibility  of 
various  metals,  plastics  and  elastomers,  and  miscellaneous  materials 
with  hydrazine  and  hydrazine-hydrazine  nitrate-water  mixtures.  An 
effort  has  been  made  to  present  this  material  in  a  condensed  tabular 
form  for  ready  reference  and  also  in  sufficient  detail  to  outline  the 
limitations  of  the  test  data. 

f 


f.  INTRODUCTION 


In  order  that  hydrazine  and  hydrazine-rich  mixtures 
may  be  used  to  hill  advantage  as  rocket  fuels  or  gas 
generants,  their  compatibility  with  various  materials  must 
be  known.  A  great  quantity  of  research  and  development 
work  on  hydrazine  has  been  accomplished  since  the  com¬ 
pound  was  determined  to  have  practical  application.  In 
virtually  alt  cases,  the  organization  doing  the  work  has 
conducted  an  independent  experimental  program  to 
obtain  information  on  the  compatibility  of  hydrazine  with 
various  materials,  in  order  that  suitable  facilities  and 
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equipment  might  be  constructed.  This  information  is 
available  in  varying  quantities  in  numerous  reports.  How¬ 
ever,  for  the  user  entering  into  the  application  of  hydra¬ 
zine  for  the  first  time,  the  acquisition  of  a  working 
knowledge  of  compatible  materials  for  the  job  at  hand 
is  rather  time  consuming.  The  purpose  oi  this  Memo¬ 
randum  Is  to  consolidate  and,  where  possible,  to  evaluate 
in  an  easily  referable  form  all  of  the  compatibility  infer- 
mi.  !on  that  is  readily  available  concerning  hydrazine  and 
hydrazine-hydrazine  nitrate-water  mixtures. 
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equipment  might  be  constructed.  This  Information  is 
available  in  varying  quantities  in  numerous  reports.  How¬ 
ever,  for  the  user  entering  into  the  application  of  hydra¬ 
zine  for  the  first  time,  the  acquisition  of  a  working 
knowledge  of  compatible  materials  for  the  job  at  liand 
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hydrazine-hydrazine  nitrate-water  mixtures. 

Pag*  1 


Jtt  fropvhlon  laboratory 


Memorandum  No.  20-152 


CONflDCNTIAL 


II.  FACTORS  IN  EVALUATING  COMPATIBILITY 


The  compilation  of  matcriuls-compatibility  informa¬ 
tion  for  anhydrous  hydrazine,  hydrazine  hydrate,  and 
hydrazine-hydrazine  nitrate-wnter  nurtures  has  been  a 
lengthy  but  straightforward  task;  however,  a  complete 
evaluation  of  the  compatibility  of  a  particular  material 
has,  in  many  cases,  not  been  possible  because  of  inade¬ 
quate  test  data  or  because  of  th  inability  to  define  a 
universally  applicable  standard  of  compatibility.  In 
describing  the  compatibility  of  a  particular  material  with 
hydrazine,  tho  following  factors  must  be  taken  into  con¬ 
sideration: 


1.  The  effects  of  hydrazine  on  the  material,  as  evi¬ 
denced  by  a  loss  or  gain  in  the  weight  of  the 
material,  a  color  change,  a  dimensional  change, 
loss  of  elastomeric  properties,  etc. 

2.  The  effect  of  the  material  on  the  rate  of  decom¬ 
position  of  hydrazine,  as  evidenced  by  a  pressure 
rise  in  sealed  containers,  the  evolution  of  gas,  a 
change  in  the  composition,  weight,  or  color  of  the 
liquid,  etc.  Ions,  oxides,  or  the  leaching  of  con¬ 
stituents  from  the  material  may  influence  the 
autodecomposition  of  hydrazine. 


Both  of  these  factors  are,  in  turn,  influenced  by  initial 
hydrazine  purity,  the  temperature  at  which  contact 
occurs,  the  duration  of  contact,  and  tho  surface  area  of 
the  material  in  contact  with  the  hydrazine. 

When  consideration  is  given  to  all  these  factors,  there 
are  few  materials  which  can  be  judged  completely  com¬ 
patible  with  hydrazine.  In  almost  all  cases,  the  suitability 
of  a  material  becomes  a  matter  of  the  specific  application. 
A  particular  metal  may  be  satisfactory  for  an  application 
where  air  oxidation  of  the  metal  surface  can  be  reliably 
avoided,  whereas  it  may  be  completely  unacceptable  for 
a  similar  application  in  which  prolonged  exposure  to  air 
cannot  be  avoided. 

The  existence  of  varying  degrees  of  compatibility  makes 
a  simple  presentation  of  materials  acceptability  difficult 
and,  in  many  cases,  misleading.  The  presentation  of  n 
compatibility  evaluation  in  chart  form  only,  describing 
materials  as  being  either  good  or  bad,  does  not  give  the 
user  much  leeway  on  material  selection,  nor  does  it  supply 
all  the  information  that  he  should  possess  before  employ¬ 
ing  a  material  in  a  particular  application.  For  this  reason, 
the  data  compiled  herein  are  presented  both  in  a  con¬ 
densed  summary  form  for  ready  reference  and  also  in 
detail,  so  that  the  limitations  of  the  test  data  are  readily 
apparent. 
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III.  COMPARATIVE  COMPATIBILITY  OF  VARIOUS  MATERIALS 


It  is  the  purpose  of  this  Section  to  present,  in  condensed- 
summary  form  (Table  1),  the  present  author’s  evaluations 
of  the  compatibility  data  available  for  numerous  metals, 
plastics  and  elastomers,  and  miscellaneous  materials. 

Tn  Table  1,  the  following  symbols  are  used  to  represent 
varying  degrees  of  compatibility: 


A-Material  is  acceptable  for  general  service. 

B— Material  is  acceptable  for  limited  service.  See 
Sec.  IV  for  specific  limitations. 

C— Materia;  diould  be  avoided.  See  Sec.  IV  for  data 
on  which  this  conclusion  is  based. 


Table  1.  Summary  of  the  Comparative  Compatibility  of  Various  Materials  With 
Hydrazine  arid  Hydrazine  Mixtures 
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(Cont’d) 
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IV.  COMPILATION  AND  EVALUATION  OF  EXPERIMENTAL  DATA 


A.  Mofal t 

J.  Aluminum.  Aluminum  and  a  number  of  aluminum 
alloys  are  considered  to  be  suitable  for  general  use  with 
hydrazine  and  hydrazine-hydrazine  nitrate-water  mix¬ 
tures  containing  as  much  us  20  to  30®  hydrazine  nitrate. 

Picatinny  Arsenal  reports  that  aluminum  alone,  of  all 
common  metals  tested,  was  unaffected  after  storage  for 
1  yr  in  anhydrous  hydrazine,  both  at  room  temperature 
and  at  149°F.  Data  from  the  Naval  Ordnance  Laboratory 
also  indicate  that  aluminum  was  unaffected  and  had  not 
significantly  contributed  to  the  decomposition  of  anhyd¬ 
rous  hydrazine  after  contact  for  1  yr  at  ambient  tempera¬ 
tures.  The  data  from  other  agencies  are  for  tests  of  shorter 
duration,  but,  in  general,  substantiate  these  results  within 
the  time  limits  of  the  tests.  Grades  of  aluminum  for  which 
at  least  some  data  exist  and  which,  it  is  believed,  can  be 
used  without  restriction  with  anhydrous  hydrazine  are 
3S,  2SO,  2SH,  3S  and  3SH. 

Data  for  aluminum  alloys  in  contact  with  anhydrous 
hydrazine  do  not  cover  as  lengthy  periods  of  time  as  do 
those  for  pure  aluminum.  However,  from  the  results  of 
the  tests,  it  is  believed  that  aluminum  alloys  75ST,  24 ST, 
52ST,  and  BIST  are  all  satisfactory,  but  should  be  given 
preference  in  the  order  shown.  Experimental  data  are 
meager  with  regard  to  aluminum  alloys  40E,  43,  XA-545, 
and  716.  Until  additional  data  are  available,  it  is  con¬ 
cluded  that  alloys  43,  XA-545,  and  71B  should  be  con¬ 
sidered  suitable  only  for  short  term  application,  but  that 
40E  should  be  avoided  because  of  the  possibility  that 
zinc  might  be  leached  from  the  alloy. 

Test  results  for  commercially  pure  aluminum  with 
hydrazine  nitrate  mixtures  have  not  been  completely  con¬ 
sistent.  The  Naval  Ordnance  Laboratory  obtained  varying 
data  which  indicated  decreasing  compatibility  as  the  per- 
'  "centage  of  hydrazine  nitrate  was  increased.  However,  this 
organization  recommended  that  additional  testing  should 
be  undertaken  to  clarify  the  results.  The  Navord  data,  as 
well  os  data  from  Mttthifesen  Chemical  Corporation,  indi¬ 
cate  the  acceptability  of  aluminum  with  hydrozine- 
hydrazino  nitrate-water  mixtures  containing  approxi¬ 
mately  20  to  30%  hydrazine  nitrate.  It  is  believed  that  2S, 
2SH,  and  3S  aluminum  should  he  considered  completely 
acceptable  in  contact  with  hydrazine  nitrate  concentra- 
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tions  up  to  the  percentages  noted  above,  but  that  addi¬ 
tional  data  should  be  obtained  for  long-term  compatibility 
of  the  more  concentrated  nitrate  mixtures. 

The  aluminum  alloys  24ST,  52ST,  BIST,  and  75ST 
appear  to  have  been  generally  unaffected  by  the  hydra¬ 
zine  nitrate  mixtures  and  did  not  significantly  influence 
the  stability'  of  these  propellants.  Consequently,  it  is  con¬ 
sidered  that  all  these  alloys  are  acceptable,  but  should  be 
used  in  the  same  order  of  preference  previously  indicated 
for  anhydrous  hydrazine  (75ST,  24ST,  52ST,  and  BIST). 

The  apparent  high  degree  of  compatibility  exhibited 
by  aluminum  in  contact  with  hydrazine  may  result  from 
the  fact  that  aluminum  ions  or*'  apparently  noncatalytic 
in  the  decomposition  of  hydrazine  (Hef.  1).  It  has  also 
been  reported  (Ref.  2)  that  aluminum  oxide  (Al203)  has 
a  remarkable  stabilizing  effect  upon  hydrazine.  Aluminum 
oxide  formed  on  the  metal  surface  may  act  as  a  buffer. 
In  this  respect,  it  would  appear  that  anodization  of 
aluminum  in  eonto  '  with  hydrazine  would  be  advan¬ 
tageous.  Only  one  test  is  reported  for  anodized  aluminum. 
In  this  test,  which  was  performed  with  45.0  wt  %  NjlIjNO, 
and  9.9  wt  %  tt,0  in  N,H.  at  182  to  I65°F,  no  reaction 
other  than  a  slight  discoloration  of  the  solution  was 
observed  after  7  days. 

Experimental  Data 

Material  tested:  Aluminum  28  ( Alcoa  2S,  99®  A1 ) 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Shape  of  sample:  Rolled  sheet 
Propellant:  Anhydrous  hydrazine  (95.09%) 

Pressure:  Atmospheric 
Temperature:  20  to  25°C  (68  to  77°F) 

Time:  120  hr 

Remits:  Negligible  cohesion  was  observed. 

Material  tested:  Aluminum  2SO 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant;  Anhydrous  hydrazine  (95.6%) 

Pressure:  Atmospheric 
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IV.  COMPILATION  AND  EVALUATION  OF  EXPERIMENTAL  DATA 


A.  Metals 

1.  Aluminum.  Aluminum  and  a  number  of  aluminum 
'  alloys  are  considered  to  be  suitable  for  general  use  with 
hydrazine  and  hydrazine-hydrazine  nitrate-water  mix¬ 
tures  containing  as  much  as  20  to  308  hydrazine  nitrate. 

Picatinny  Arsenal  reports  that  aluminum  alone,  of  all 
common  metals  tested,  was  unaffected  after  storage  for 
1  yr  in  anhydrous  hydrazine,  both  at  room  temperature 
and  at  I49°F.  Data  from  the  Naval  Ordnance  Laboratory 
also  indicate  that  aluminum  was  unaffected  and  had  not 
significantly  contributed  to  the  decomposition  of  anhyd¬ 
rous  hydrazine  after  contact  for  1  yr  at  ambient  tempera¬ 
tures.  The  data  from  other  agencies  are  for  tests  of  shorter 
duration,  but,  in  general,  substantiate  these  results  within 
the  time  limits  of  the  tests.  Grades  of  aluminum  for  which 
at  least  some  data  exist  and  which,  it  is  believed,  can  be 
used  without  restriction  with  anhydrous  hydrazine  are 
2S,  2SO,  2SH,  3S  and  3SH. 

Data  for  aluminum  alloys  in  contact  with  anhydrous 
hydrazine  do  not  cover  as  lengthy  periods  of  time  as  do 
those  for  pure  aluminum.  However,  from  the  results  of 
the  tests,  it  is  believed  that  aluminum  alloys  75ST,  24ST, 
52ST,  and  fllST  are  all  satisfactory,  but  slwuld  be  given 
ptefCreiice  in  the  order  showii.  Experimental  data  are 
meager  with  regard  to  aluminum  alloys  40E,  43,  XA-545, 
and  718.  Until  additional  data  are  available,  it  is  con¬ 
cluded  that  alloys  43,  XA-545,  and  718  should  be  con¬ 
sidered  suitable  only  for  short  term  application,  but  that 
40fe  should  be  avoided  because  of  the  possibility  that 
*  zihe  might  be  leached  from  the  alloy. 

Test  results  for  commercially  pure  aluminum  with 
'  hydrazine  nitrate  mixtures  have  not  been  completely  con¬ 
sistent.  Tile  Naval  Ordnance  Laboratory  obtained  varying 
data  which  indicated  decreasing  compatibility  as  the  per¬ 
centage  bf  hydrazine  nitrate  was  increased.  However,  this 
organization  recommended  that  additional  testing  should 
be  undertaken  to  clarify  the  results.  The  Navord  data,  as 
well  as  data  from  Mathiesen  Chemical  Corporation,  indi¬ 
cate  the  acceptability  of  aluminum  with  hyilrazttte- 
bydrazino  nitrate-wftter  mixtures  containing  approxi¬ 
mately  2D  to  30*  hydrazine  nitrate.  It  is  believed  that  2S, 
2SH;  and  3S  aluminum  should  be  considered  completely 
acceptable  irt  contact  with  hydsazlne  nltlrate  concentra¬ 


tions  up  to  the  percentages  noted  above,  but  that  addi¬ 
tional  data  should  be  obtained  for  long-term  compatibility 
of  the  more  concentrated  nitrate  mixtures. 

The  uluminum  alloys  24ST,  52ST,  01  ST,  and  75ST 
appear  to  have  been  generally  unaffected  by  the  hydra¬ 
zine  nitrate  mixtures  and  did  not  significantly  influence 
the  stability  of  these  propellants.  Consequently,  it  is  con¬ 
sidered  that  all  these  alloys  are  acceptable,  hut  should  he 
used  in  the  same  order  of  preference  previously  indicated 
for  anhydrous  hydrazine  (75ST,  24ST,  52ST,  and  6IST1, 

The  apparent  high  degree  ot  compatibility  exhibited 
by  aluminum  in  contact  with  hydrazine  may  result  from 
the  fact  that  aluminum  ions  are  apparently  noncatalytie 
in  the  decomposition  of  hydrazine  (fief.  1).  It  has  also 
been  reported  (Ref.  2)  that  aluminum  oxide  (A150j)  has 
a  remarkable  stabilizing  effect  upon  hydrazine.  Aluminum 
oxide  formed  on  the  metal  surface  may  act  as  a  buffer. 
In  this  respect,  it  would  appear  that  anodization  of 
aluminum  in  conto  *  with  hydrazine  would  be  advan¬ 
tageous.  Only  one  test  is  reported  for  anodized  aluminum. 
In  this  test,  which  was  performed  with  45.0  wf  8  N2H,NO., 
and  9.9  wt  *  H.O  in  N-H,  at  182  to  185°F,  no  reaction 
other  than  a  slight  discoloration  of  the  solution  was 
observed  after  7  days. 

Experimental  Data 

Material  tented:  Aluminum  2ii  ( Alcoa  2S,  998  Al ) 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  1 

Shape  of  sample.-  Rolled  sheet 

Propellant:  Anhydrous  hydrazine  (95.098) 

Pressure:  Atmospheric 
Temperature:  20  to  25“C  (68  to  77UF) 

Time:  120  hr 

Results:  Negligible  corrosion  was  observed. 

Material  tested:  Aluminum  2SO 

Source  Of  data:  Ref.  4 

Number  of  samples  tested:  .1 

Shape  of  sample:  Strip 

Propellant:  Anhydtous  hydrazine  (95.0%) 

Pressure:  Atmospheric 
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TamperiUims:  20°C  (68°F) 

Time:  34  days 

Results:  No  change  was  noted  in  the  specimen  or  the 
solution. 

Material  tested:  Aluminum  2S 

Source  of  data:  ReF.  5 

Number  of  samples  tested:  4 

Shape  of  samples:  Strip.  10  mm  X  100  mm  X  3mm 

Propellants:  97.55  NaH,-1.95  H2O-0.6S  NH» 

78.45  NjH.-18.15  NjH„NOj-35  H,0- 
0.55  NFI, 

44.95  NjH.-45.S5  NjH,NO,-9.45  HjO- 
0.45  NH, 

19.65  NjH.-78.45  NsHaNOj-1.8S  H20- 
025  NH  , 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  Ambient 
Time:  36  to  344  days 

Restdts:  Tbe  results  of  this  test  are  varied,  depending  on 
the  particular  solution  used.  The  test  of  2S  in 
(he  45-45-10  mixture  exhibited  a  large  and 
rapid  gas  formation.  The  test  Was  discontinued 
after  112  days,  When  202  ml  of  gas  had  been 
.  collected.  There  was  a  large  reduction  in  the 
weight  of  the  strip,  and  extensive  corrosion, 
mostly  in  the  vapor  phase,  had  occurred.  The 
composition  of  the  solution  had  not  changed 
materially. 

The  test  of  2S  in  the  19.6-78.4-1.8  solution 
showed  a  rapid  rate  of  pressure  rise  for  the  first 
36  days.  At  this  time,  the  flask  was  accidentally 
broken.  Subsequent  retest  of  25  in  this  solution 
Showed  no  abnormal  rate  Of  pressure  rise;  how- 
ever,  at  the  end  of  344  days,  15  cc  of  gas  had 
boon  evolved  as  compared  with  the  9.8  cc 
obtained  from  the  control  solution  after  384 
days.  These  data,  plus  the  fact  that  theta  was  a 
greater  reduction  of  N,H.NO,  concentration  in 
tile  test  solution  than  in  the  control  solution, 
indicate  that  the  2s  increased  the  rate  of 
decomposition.  The  strip  showed  a  white 
Incrustation  at  the  Immersed  part,  but  Only 
alight  attack. 

In  anhydrous  hydrazine  and  in  the  75,4- 
18,1-3  solution,  the  strips  were  apparently 
unaffected,  with  the  exception  that  the  78.4- 


18.1-3  sample  showed  slight  discoloration. 
Sample-weight  differences  were  negligible  and 
die  composition  of  the  solutions  had  not  altered 
significantly  from  that  of  the  controls. 

NAV0RD  recommends  that  a  final  conclu¬ 
sion  regarding  the  compatibility  of  2S  alumi¬ 
num  with  the  hydrazine  nitrate  solutions  should 
await  further  tests.  Its  use  with  anhydrous 
hydrazine  appears  acceptable. 

Material  tested:  Aluminum  2S 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Shape  of  samples:  Strip 
Propellant:  Anhydrous  hydrazine  (95.55) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  28°C  (S0°F) 

Time:  38  days 

Results:  Slightly  over  25  of  the  hydrazine  was  decom¬ 
posed. 

Material  tested:  Aluminum  2S 
Source  Of  data:  Ref.  6 
Number  of  samples  tested:  lor2 
Shape  of  samples:  Strip 
Propellant:  Anhydrous  hydrazine  (95.55) 

Pressure:  Closed  system,  initially  atmospheric 
temperature:  0O°C  (14<PF) 

Time:  30  days 

Results:  Approximately  45  of  the  hydrazine  was  decom¬ 
posed,  This  was  about  the  same  as  that  noted 
in  the  blitnk  run  in  glass. 

Material  tested:  Aluminum  2S 

Source  of  data:  Ref,  6 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine 

Pressure:  Closed  system,  initially  atmospheric 

temperature:  80°C  (140°f) 

Time:  4  mo 

Results:  The  sample  Was  unaffected  and  did  not  decom¬ 
pose  the  hydrazine  to  any  extent. 

Material  tested:  Aluminum  2SH-14 

Source  of  data:  Ref.  7 

Number  of  samples  tested:  3 

Shape  of  samples:  Strip,  2  in.  X  H  in.  X  Vis  in, 
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Propellants:  95$  N3H4-5$  HsO 

65$  NjH  ,-30$  N3H,N03-5$  IIsO 
60$  N3H4-30$  N.H»NOj-IO$  H30 
Pressure:  Atmospheric 
Temperature:  60°C  (140°F) 

Time:  2  wlc 

Results.-  A  slight  weight  increase  (0.03$)  and  a  slight 
scale  formation  at  the  liquid-vapor  interface 
,  occurred  with  the  anhydrous  hydrazine  solu¬ 

tion;  the  hydrazine  remained  colorless.  No 
weight  change  took  place  in  the  hydrazine 
nitrate  solution  with  5$  water,  but  a  slight  yel¬ 
lowing  of  the  solution  was  observed.  A  weight 
loss  of  0.01$  was  noted  in  the  hydrazine  nitrate 
solution  with  10$  water,  and  the  solution 
showed  yellowing.  The  color  change  is  believed 
due  to  the  presence  of  traces  of  aniline  in  the 
hydrazine.  No  dimensional  changes  occurred  in 
any  samples. 

Material  tested:  Aluminum  3S 

Sotirce  of  data:  Ref.  8 

Number  of  samples  tested:  2 

Shape  of  samples:  Strip 

Propellant:  70$  N,H(-25*  N,HsNO,-5$  H:0 

Pressure:  Atmospheric 

Temperature:  7l°C  (160°F) 

Time:  Owk 

Results:  The  test  solution  had  not  changed  significantly, 
and  tile  specimen  appeared  unaffected. 

Material  tested:  Aluminum  35 
t  SoUrce  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 
Shape  of  samples:  Strip 
r,  PropelldHt:  Anhydrous  hydrazine  (95.5$) 

Pressure:  ctbsed  system,  initially  atmospheric 
TeUiprivture:  28°C(B0°F) 

Time:  30.  days 

Results:  Approximately  1.5$  of  the  hydrazine  was 
decomposed, 

Material  tested:  Aluminum  3S 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Shape  of  samples:  Strip 
P.opelkmi:  Anhydrous  hydrazine  (05.5$) 


Prcsstrre:  Closed  system,  initially  atmospheric 
Temperature:  60°C  (140°F) 

Time:  30  days 

Results:  The  hydrazine  was  approximately  9$  decom¬ 
posed. 

Material  tested:  Aluminum  3SH-14 

Source  of  data:  Ref.  7 

Number  of  samples  tested:  3 

Shape  of  samples:  Strip,  2  in.  X  Vj  in.  X  Vin  in. 

Propellants:  95$  H.O 

65$  NjH4-30$  N3H5NOj-5$  H,0 
60$  N*H,-30$  N3HjNOj-10$  H30 
Pressure:  Atmospheric 
Temperature:  60°C  (140°F) 

Time:  2  wk 

Results:  A  weight  increase  of  0.01$  occurred  in  the 
specimen  tested  in  *he  anhydrous  hydrazine 
solution,  accompanied  by  some  scale  at  the 
liquid-vapor  interface.  The  solution  remained 
colorless.  In  both  the  hydrazine  nitrate  mix¬ 
tures,  the  samples  showed  a  weight  loss  of 
0.02$,  accompanied  by  yellowing  of  the  solu¬ 
tion.  The  yellowing  is  believed  due  to  the  trace 
presence  ...  aniline.  No  change  occurred  in  the 
size  of  any  of  the  samples. 

Afolerlal  tested:  Aluminum 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip,  5  cm  X  1  cm  X  3.4  an 

Propellant:  Anhydrous  hydrazine  (95.1$) 

Pressure:  Atmospheric 
Temperature:  21  to  23°C  (70  to  73°F) 

Time:  12  mo 

Results:  No  change  was  observed  in  the  weight  or 
appearance  of  the  sample  at  ‘he  end  of  12  mo. 

Material  tested:  Aluminum 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip,  5  cm  X  1  cm  X  0.4  cm 

Propellant:  Anhydrous  hydrazine  (95.1$) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F) 

Time:  12ttto 

Results:  No  change  had  occurred  in  the  weight  or 
appearance  of  the  sample  at  the  end  of  12  mn. 


CONUDCNrMt 


Jet  Propulsion  Laboratory 


Memorandum  No.  20-152 


CONFIDENTIAL 


Material  tested:  Anodized  aluminum  (green) 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Strip 

Propellant:  45%  N-H.-432  N.H.NOr-lOB  H-0 

Pressure:  Atmospheric 

Temperature;  72  to  74°C  (102  to  105°F) 

Time:  7  days 

Results:  A  color  change  took  place  in  the  solution. 
Otherwise,  no  reaction  was  apparent. 

Material  tested:  Aluminum  24ST 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (1)5.62) 

Pressure:  Atmospheric 
Temperature:  20°C  (68°F) 

Time:  24  days 

Results:  No  change  was  observed  in  the  specimen  or 
the  solution. 

Material  tested:  Aluminum  24ST 

Source  of  data:  Ref,  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Strip 

Propellant:  45 %  N,H4-452  NaHeNOa-102  H.O 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  (102  to  185°F) 

Time:  7  days 

Results:  No  loss  or  gain  in  weight  was  noted.  The  speci¬ 
men  apparently  remained  unaffected, 

Materia!  tested:  Aluminum  24ST-3 

Source  of  data:  Ref.  7 

Number  of  samples  tested:  3 

Shape  of  samples:  Strip,  2  in.  X  M  in.  X  Vw  in, 

Pro/rcllants:  952  NaH,-52  HaO 

652  N.H.-302  N.H,NOj-52  H.O 
602  NaH4-30*  NaHaNOj-102  HaO 
Pressure:  Atmospheric 
Temperature :  0O°C  (140nF) 

Time:  2  wk 

Results:  A  weight  increase  of  0.072  was  noted  for  the 
specimen  in  the  anhydrous  hydrazine,  with  a 
slight  scale  formation  at  the  liquid-vapor  inter¬ 
face.  No  change  occurred  in  the  color  of  the 
solution.  The  sample  in  the  hydrazine  nitrate 


solution  with  102  HaO  showed  a  0.202  weight 
gain  Roth  solutions  had  turned  yellow;  this  was 
believed  due  to  the  presence  of  traces  of  aniline. 
No  change  in  dimension  occurred  for  any  of  the 
sampler. 

Material  tested:  Aluminum  24ST 
Source  of  data:  Ref.  11 
Number  of  samples  tested:  3 

Shape  of  samples;  8-cc  bomb  of  24ST  alloy  with  pres¬ 
sure  gage,  502  ullage 
Propellants:  982  NaH,-22  HaO 

652  NaH4-302  NaH„NOa-5i  HsO 
602  NaH,-302  NaH.,NO;,-102  H.O 
Pressure:  Initially  atmospheric 
Temperature:  60°C  (140-F) 

Tims:  30  days 

Results:  During  the  initial  beating  period,  the  pressures 
in  the  bombs  rose  rapidly  to  4  to  8.5  psig.  The 
rate  of  pressure  rise  decreased  with  time  for  all 
the  bombs.  The  rate  for  the  anhydrous  hyrazine 
averaged  0.17  psi/day,  based  on  final  pressure 
at  18°C.  The  bomb  containing  the  hydrazine 
nitrate  'vture  with  52  water  showed  an  aver¬ 
age  pressure  rise  of  0.13  psi/day.  The  bomb 
containing  the  hydrazine  nitrate  mixture  with 
102  water  showed  an  average  pressure  rise  of 
0.17  psi/day.  It  is  believed  that  most  of  the 
initial  pressure  rife  was  duo  to  NHa  vapor 
pressure. 

Material  tested:  Aluminum  24S 
Source  of  data:  Ref.  12 
Number  of  samples  tested:  2 
Shape  of  samples:  Strip 

Propellant:  Eutectic  hydrazine  (actual  NaH4-HaO  pro¬ 
portions  not  given) 

Temperature:  Ambient 
Time:  30  days 

Results;  With  hydrazine  from  Mathieson,  there  was  a 
heavy  brown  deposit  an  the  specimen.  With 
hydrazine  from  Fairmount,  the  material  was 
black  and  badly  corroded. 

Material  tested:  Aluminum  24S 
Source  of  data :  Ref.  12 
Number  of  samples  tested:  2 
Shape  of  samples:  Strip 
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Propellant:  Eutectic  hydrazine  (NqH.-HjO  proportions 
not  given) 

Pressure:  Atmospheric 
Temperature:  49°C  (120°F) 

Time:  30  days 

•  Results:  The  specimen  in  Mathicson  hydrazine  had  a 

light  brown  deposit  The  specimen  in  Fair- 
mount  hydrazine  was  blaclc  and  badly  corroded. 

Material  tested:  Aluminum  40E  (5*  Zn,  0.5*  Cr,  0,2*  Ti, 
1.0*  Fe,  0.4*  Cu,  0,3*  Mn,  0.3*  Si, 
balance  Al) 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Shape  of  sample:  Cast  section 
Propellant:  Hydrazine  hydrate  (66*  NaH,) 

Pressure:  Atmospheric 
Temperature;  14  to  24C'C  (57  to  75°F) 

Time:  67.5  hr 

Results;  Slight  corrosion  occurred,  causing  a  0.07* 
change  in  weight.  Zinc-bearing  alloys  should 
be  avoided, 

Material  tested:  Aluminum  43  ( 5.0*  Si,  0.8*  max  Fe) 

Source  of  data:  Ref,  3 

Number  of  samptes  tested:  1 

Shape  of  sample:  Cast  section 

Propellant:  Hydrazine  hydrate  (66*  N,H4) 

Pressure:  Atmospheric 
Temperature:  14  to  25°C  (57  to  77°F) 

Time.-  67.5  hr 

Results;  The  surface  of  the  sample  turned  blue.  No 
change  occurred  in  the  weight  of  the  sample, 

• 

Material  tested:  Aluminum  52ST 
F>  Source  of  data:  Ref.  10 
Number  of  samples  tested:  2 
Shape  of  samptes:  Strip 
Propellant:  45*  N,H4-45*  NsHsNOa-10*  HaO 
Pressure:  Atmospheric 
Temperature :  72  to  74°C  (162  to  165°F) 

Time:  7  days 

Results:  No  loss  or  gain  in  the  weight  of  the  samples  was 
observed. 

Material  tested:  Aluminum  52ST 
Source  of  data:  Ref.  8 
Number  of  samples  tested:  2 
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Shape  of  samples:  Strip 

Propellant:  70*  N,H,-25*  N,H,'tO,-5*  H,0 

Pressure  Atmospheric 

Temperature:  71°C  (160°F) 

j  ime:  9  wk 

Results:  The  test  solution  had  not  changed  significantly, 
and  the  specimens  appeared  unaffected. 

Material  tested:  Aluminum  52SH-34 

Source  of  data:  Ref.  7 

Number  of  samples  tested:  3 

Shape  of  samples:  Strip,  2  in.  X  ^  in.  X  '/in  in. 

Propellants:  95*  NjH,-5*  H-0 

65*  N2H,-30*  N:H;NO,-5*  H,0 
60*  N,H,-30*  NjH,NO,-10*  HaO 
Pressure;  Atmospheric 
Temperature:  60°C  (140°F) 
rime;  2  wk 

Results:  The  samples  showed  a  0.03*  weight  increase  in 
anhydrous  hydrazine,  with  slight  scale  at  the 
interface,  but  no  solution  discoloration.  The 
tests  in  both  hydrazine  nitrate  solutions  showed 
0.01*  weight  losses  and  solution  yellowing.  The 
yellowint?  Is  believed  to  be  caused  by  trace 
quantities  of  aniline.  No  change  in  the  dimen¬ 
sions  of  any  of  the  samples  was  noted. 

Material  tested:  Aluminum  61ST 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Strip 

Propel!?".;.  45*  N„IV<5*  NIHSNO.-10*  H,0 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  (162  to  165°F) 

Time:  7  days 

Results:  No  loss  or  gain  in  weight  was  noted  in  either 
specimen. 

Material  tested :  Aluminum  61ST 

Source  of  data:  Ref.  8 

Number  of  samptes  tested:  2 

Shape  of  samples:  Strip 

Propellant;  70*  N,H,-25*  N?H,NO,-5*  11,0 

Pressure:  Atmospheric 

Temperature :  71  °C  (160°F) 

•  Time:  9  wk 

Results:  The  samples  were  slightly  tarnished  and  showed 
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n  slight  weight  increase.  The  test  solution  had 
not  changed  significantly. 

Material  tested:  Aluminum  61ST-6 

Source  of  data:  Ref.  7 

lluniher  of  samples  tested:  3 

Shape  of  samples:  Strip,  2  in,  X  %  in.  X  Ms  in. 

Propellants:  95*  N.H.-5*  H.O 

65*  N.H.-30S  N.H.NO.-5S  HsO 
60*  N.H,-30*  N.H.NO.-10*  H.O 
Pressure:  Atmospheric 
Temperature:  60° C  (140°F) 

Time:  2  wk 

Results:  The  sample  in  the  anhydrous  hydrazine  solu¬ 
tion  showed  a  0.06*  weight  increase  and  a 
slight  scale  at  the  vapor-liquid  interface.  No 
solution  discoloration  was  noted.  The  sample 
in  the  hydrazine  nitrate  solution  with  5*  water 
showed  no  weight  change.  The  sample  in  the 
hydrazine  nitrate  solution  with  10*  water 
showed  a  0.02*  weight  increase.  Both  solutions 
Were  slightly  yellow;  this  is  believed  due  to  the 
presence  of  aniline.  No  change  in  the  size  of 
any  of  the  samples  Was  noted. 

Material  tested:  Aluminum  61ST 
Source  of  data:  Ref.  11 
NUmber  of  samples  tested:  3 
Shape  of  samples:  8-cc  bomb  of  61ST  alloy  With  pres¬ 
sure  gage,  50*  ullage 
Propellants:  98*  N.H.-2*  H,0 

65*  hr.ti.-30*  N.KjNOj-S*  ti.O 
90*  N,H,-30*  N.HjNOj-IO*  ti,0 
Pressure:  Initially  attikJspheric 
Temperature:  0O°d  (140bF) 

Time:  30  days 

Results:  During  tile  initial  heating  period,  pressures  rose 
to  6  tO  $  psig.  The  rate  df  pressure  rfse  decreased 
With  time  for  alt  the  bombs.  The  average  fate 
of  pressure  rise  over  the  30-day  test  of  the 
anhydrous  hydrazine,  based  on  a  final  tempera- 
’  turn  of  189C,  Was  0.22  psi/day.  The  S*  and 

10*  water  mixtures  of  hydrazine  nitrate  shoWed 
average  pressure  rises  of  0.18  psi/day. 

Material  tested:  ^Aluminum  75ST-6 
Source  cf  data:  Ref.  7 
.Vtimher  of  samples  tested:  3 


Shape  of  samples:  Strip,  2  in.  X  V4  in.  X  Wo  in. 
Propellants:  95*  N.H.-5*  H.O 

65*  N.H.-30*  N.H.NO.-5*  H.O 
60*  >.,H,-30*  N.H,NO,-10*  H.O 
Pressure:  Atmospheric 
Temperature:  60°C  (140°F) 

Time:  2  wk 

Residts:  The  samples  in  anhydrous  hydrazine  shower,  a 
0.04*  weight  increase,  and  a  slight  scale  at  the 
liquid-vapor  interface,  but  no  change  in  solu¬ 
tion  color.  The  sample  in  hydrazine  nitrate 
solution  with  5*  water  showed  no  weight 
change.  The  sample  in  hydrazine  nitrate  solu¬ 
tion  with  10*  water  showed  a  0.01*  weight 
increase.  Both  hydrazine  nitrate  solutions 
turned  yellow.  It  is  believed  that  the  yellowing 
was  due  to  trace  quantities  of  aniline.  No 
change  in  size  was  noted  for  any  of  the  samples. 

Material  tested:  Aluminum  75ST-6  (Alclad) 

Source  of  data:  Ref.  7 

Number  of  samples  tested:  3 

Shape  of  samples:  Strip,  2  in.  X  Vs  in.  X  Vit  in. 

Propellants:  95*  N.ti.-5*  H.O 

05*  M  tt,-30*  N.H.NOr-5*  H.O 
60*  N.H.-30*  NjH.NOj-10*  H.O 
Pressure:  Atmospheric 
Temperature:  0O°C  (I.40°F) 

Time:  2wk 

Results:  The  test  in  anhydrous  hydrazine  was  inter¬ 
rupted  before  a  weight  change  was  noted,  The 
solution  remained  colorless,  however.  Both 
hydration  nitrate  solutions  turned  yellow,  but 
the  sample  showed  no  weight  change,  The  yel¬ 
lowing  was  believed  due  to  the  presence  of 
aniline.  No  dimensional  changes  in  the  samples 
were  noted. 

Material  tested:  Aluminum  7SST 
Source  Of  data:  Refill 
Number  Of  samples  tested:  3 
Shape  Df  samples:  8-cc  bohtb  of  75ST  alloy  with  pres¬ 
sure  gage,  50*  ullage 
Propellants:  08*  N.H.-M  H.O 

65*  N.ti,-30*  NjHsNOi-5*  H.O 
60*  N.Ht-30*  N.H.NOs-10*  H.O 
Pressure:  Initially  atmospheric 
Temperature:  605C  (UO^F) 
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Time:  30  days 

Results:  During  the  initial  heating  period,  a  pressure 
rise  of  3.5  to  9  psig  was  noted.  The  rate  of 
pressure  rise  decreased  with  time  for  all  the 
bombs.  The  average  rate  of  pressure  rise  over 
die  30-day  period  for  anhydrous  hydrazine, 
based  on  a  final  temperature  of  18°  C,  was  0.19 
psi/day.  The  hydrazine  nitrate  mixture  with 
.  53  water  showed  the  same  average  pressure 

rise.  The  hydrazine  nitrate  mixture  with  103 
n  water  gave  an  average  pressure  rise  over  the 
30-day  period  of  0.12  psi/day.  It  is  of  interest 
to  note  that  75ST  aluminum  had  a  lower  aver¬ 
age  pressure  rise  than  did  24 ST  or  31ST,  which 
were  tested  in  the  same  manner. 

Material  tested:  Aluminum  75ST 
Source  of  data:  Ref.  13 

Shape  of  sample:  8-cc  cylinder  of  75ST  with  pressure 
gage,  103  ullage 
Propellants:  1003  NjH, 

703  N,H4-303  N2HbN03 
803  N.11,-203  HNO, 

60*  N-H.-303  N,HsNOj-103  HaO 
Pressure:  Initially  atmospheric 
Temperature:  60°C  (140°F) 

Time:  3  mo 

ResutU:  An  initial  pressure  rise  of  5  to  10  psig  occurred 
within  the  first  few  hours,  apparently  resulting 
frdih  the  vapor  pressure  of  ammonia  present  in 
the  propellant  and  not  from  decomposition. 
Slight  decomposition  occurred,  as  evidenced  by 
a  gradual  increase  in  pressure;  however,  the 
i  rate  Of  decomposition  decreased  with  time. 

Material  tested:  Aluminum  XA-545 
•*>>  Source  Of  data :  fief.  7 

Number  Of  samples  tested:  3 

Shape  Of  samples:  Strip,  2  in.  X  Win,  X  Main. 

Propellants:  953  NaHt-53  HaO 

853  N, 1*4-303  N2H6NOs-53  HsO 
003  hUMOS  N:H„NO,-103H3O 
Pressure:  Atmospheric 
Temperature:  0O°C  (1403F)  , 

Time:  2  wk 

Results:  the  Sample  in  anhydrous  hydrazine  showed  a 
0.043  weight  increase;^  slight  scale  appeared  at 
the  vapor-liquid  interface;  no  color  change  was 


observed  in  the  solution.  The  hydrazine  nitrate 
solutions  turned  yellow,  probably  because  of 
the  Uc'-e  ptesence  of  aniline,  but  the  samples 
showed  n  ■>  weight  change.  None  r f  the  samples 
showed  any  changes  in  dimension. 

Material  tested:  Aluminum  716  (Alcoa  welding-rod  des¬ 
ignation) 

Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Shape  of  samples:  Strip 
Propellant:  Anhydrous  hydrazine  (95.53) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  23  'u'j drar.ine  decomposition  was 
observed  (about  W3  more  than  that  noted  in  the 
blank  run  in  glass). 

Material  tested:  Aluminum  716  (Alcoa  welding-rod  des¬ 
ignation) 

Source  of  data:  Ref.  8 
Number  of  samples  tested:  1  or  2 
Shape  of  samples  Strip 
Propellant:  Anhydrous  hydrazine  (95.53) 

Pressure:  Closed  system,  Initially  atmospheric 
Temperature:  60°C  (l40°F) 

Time:  30  days 

Results:  Approximately  43  hydrazine  decomposition  was 
observed  (about  the  same  as  that  noted  in  the 
blank  run  in  glass). 

S.  Brass.  It  is  believed  that  brass  should  be  avoided 
for  general  use  with  hydrazine  and  should  be  avoided 
completely  with  hydrazine  nitrate  mixtures.  From  a  cor¬ 
rosion  standpoint,  it  is  believed  that  contact  periods 
should  not  exceed  a  duration  of  a  feW  months.  Mathieson 
Chemical  Corporation  determined,  during  the  course  of 
thermal-decomposition  studies  of  anhydrous  hydrazine 
in  a  brass  bomb  at  temperatures  up  to  500°F,  that  '.here 
was  an  apparent  leachlng-out  of  the  zinc  after  several 
consecutive  tests.  The  Interior  surface  of  the  bomb  had 
the  appearance  ef  copper  (Ref.  ll). 

In  view  of  the  large  proportiOh  of  copper  present  in 
brass,  it  would  appear  that  some  difficulties  might  be 
encountered  under  conditions  where  the  copper  might  be 
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oxidized  in  air.  These  oxides  would  be  capable  of 
exothermic  reduction  by  hydrazine. 

As  indicated  below,  brass  appeared  to  be  unsatisfactory 
in  contact  with  a  45-45-10  hydrazine-hydrazine  nitrate- 
water  mixture.  A  definite  gas  evolution  and  a  salt  forma¬ 
tion  were  noted  after  a  few  hours  of  contact. 

It  is  believed  that  the  recommendations  given  in  the 
evaluation  of  copper  (Sec.  IV-A-4)  are  applicable  to 
brass. 

Experimental  Data 

Material  tested:  Commercial  brass 

Source' of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45%  N:H4^I5*  NjH.NOa-lO*  HsO 

Pressure:  Atmospheric 

Temperature:  Ambient 

Time:  A  few  hours 

Results:  A  definite  evolution  of  gas  and  a  salt  formation 
at  the  vapor-liquid  interface  wero  observed. 

Material  tested:  Brass 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.6*) 

Pressure:  Atmospheric 
Temperature:  20°C  i08°F) 

Time:  24  days 

Results  No  change  in  the  specimen  was  noted. 

Material  tested:  Brass 

Source  of  data:  Ref,  6 

Nu  mber  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5*) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  3.5*  hydrazine  decomposition 
was  noted. 

Material  tested;  Brass 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 


Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5*) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  60' C  (140°F) 

Time:  30  days 

Results:  Approximately  4.5*  hydrazine  decomposition 
was  observed  (about  the  same  decomposition  as 
that  noted  in  the  blank  run  in  glass). 

Material  tested:  Brass 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (85.5*) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  60°C  (I40°F) 

Time:  4  mo 

Results:  The  sample  was  unaffected  and  did  not  decom¬ 
pose  the  hydrazine  a>  any  extent. 

3.  Cobalt.  The  available  compatibility-test  data  indi¬ 
cate  that  cobalt  is  completely  unsatisfactory  for  use  with 
hydrazine  nitrate  mixtures.  No  experimental  data  relating 
to  the  compatibi.,v  of  cobalt  with  pure  hydrazine  are 
available,  However,  it  Is  known  that  metallic  cobalt  in 
finely  divided  form  will  catalyze  the  decomposition  of 
hydrazine  (Ref.  1).  In  addition,  where  hydrazine  has  been 
subjected  to  some  salt  or  acid  contamination,  it  has  been 
Found  that  cobnltie  ions  arc  capable  of  oxidizing  hydra¬ 
zine  (Ref.  14).  The  compatibility  of  c  'bait  In  sheet  form 
has  not  been  determined,  and  it  may  well  be  that  the 
catalytic  effect  is  rtd-..'»'I  to  a  point  where  the  material 
may  have  some  degree  of  acceptability.  In  the  absence 
of  specific  test  data,  however,  it  Is  believed  that  cobalt 
should  be  avoided. 

Experimental  Data 

Material  tested:  Cobalt 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples;  Sheet 

Propellant:  45*  N3H4-45*  N-H5NOj-10*  HAD 

Pressure:  Atmospheric 

Tcmpcraturv  Ambient 

Time:  A  few  hours 
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Results:  A  definite  evolution  of  gns  and  a  salt  formation 
were  noted. 

4.  Copper .  It  is  recommended  that  copper  be  avoided 
for  use  with  both  hydrazine  and  hydrazine  nitrate  mix¬ 
tures. 

It  is  well-known  that  copper  oxide,  like  iron  oxide,  is 
readily  reduced  by  hydrazine,  and  that  this  reaction  can 
be  extremely  violent.  Also,  laboratory  tests  have  been 
conducted  which  indicate  that  cupric  ions  in  solution  with 
hydrazine  cause  more-than-normal  decomposition  (Ref. 
1).  In  other  studies,  it  was  found  that  traces  of  dissolved 
copper  strongly  catalyzed  auto-oxidation  of  hydrazine  in 
air.  (These  tests  were  conducted  by  Audrleth  and  Mohr 
and  are  mentioned  in  Ref.  I.) 

The  hnznrds  involved  in  the  use  of  copper  as  a  general 
construction  material  are  illustrated  by  the  experience  of 
Mathieson  Chemical  Corporation  (Ref.  1),  In  1047,  on 
the  basis  of  the  experience  in  preliminary  compatibility 
tests,  copper  was  chosen  for  fabrication  of  a  hydrazine 
flash-distillation  unit.  The  choice  appeared  satisfactory  for 
almost  2  yr.  Oxide  film  and/or  oxide-welding-slag  inclu¬ 
sions,  vvhich  were  later  recognized  as  decomposition 
catalysts,  eventually  caused  an  explosion  in  the  copper 
.  “ill.  Rattelle  Memorial  Institute  reports  (Ref.  0)  that 
copper  equipment  in  the  Fainnount  Chemical  Company 
plant  was  found  to  be  unsatisfactory. 

It  appears  that  capper  falls  into  the  same  category  as 
mild  steel  or  iron.  In  thut  it  would  be  acceptable  under 
controlled  conditions  where  it  is  not  allowed  to  become 
oxidized,  and  where  there  is  no  possibility  of  contamina¬ 
tion  of  the  hydrazine. 

Experimental  Data 

Material  tested:  Copper 

Source  of  data:  Ref,  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.6%) 

Pressure:  Atmospheric 
Temperature:  20°C  (68°F) 

Time:  24  days 

Results:  No  change  in  the  specimen  was  noted. 


Material  tested:  Copper 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45%  N,H.-45%  N,H.,NO.,-10%  H,0 

Pressure:  Atmospheric 

Temperature;  Ambient 

Time:  A  few  hours 

Results:  A  definite  evolution  of  gas  and  a  salt  formation 
were  present  at  the  vapor-liquid  interface. 

Material  tested:  Copper 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample;  Strip 

Propellant:  Anhydrous  hydrazine  (95.1%) 

Pressure:  Atmospheric 
Temperature:  21  to  23J0  (70  to  73°F ) 

Time:  12  mo 

Results:  When  checked  each  month,  the  sample  showed 
n  loss  in  weight.  The  test  was  discontinued  dur¬ 
ing  the  twelfth  month. 

Material  tested:  Copper 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.1%) 

Pressure:  Atmospheric 
Temperature:  05°C  (149°F) 

Time:  8  mo 

Results:  At  the  end  of  8  mo,  there  was  very  heavy  cor¬ 
rosion  of  the  sample.  Tht  -let  was  then  dis¬ 
continued. 

Material  tested:  Copper 

Source  of  data:  Ref.  15 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5%) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (B0°F) 

Time :  30  days 

Results:  -Approximately  1%  hydrazine  decomposition  xvas 
observed.  At  ambient  temperatures,  copper 
showed  the  lowest  percentage  of  hydrazine 
decomposition  of  any  material  tested  by 
Battelle. 
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Material  tested:  Copper 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5?) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  60"C  (140°F) 

Time:  30  days 

Results;  Appioximately  27?  decomposition  of  the  hydra¬ 
zine  was  noted.  At  14CriF,  copper  was  the  worst 
of  all  materials  tested  by  Battelle. 

S.  Inconel.  The  available  test  data  indicate  that  insig¬ 
nificant  corrosion  of  Inconel  occurs  after  contact  with 
anhydrous  hydrazine  for  time  periods  of  at  least  a  month. 
Since  the  principal  constituent  of  Inconel  is  nickel,  it  is 
believed  that  the  evaluation  given  for  nickel  (Sec. 
IV-A-13 )  should  be  referred  to,  and  that  the  same  precau¬ 
tions  should  be  observed  as  those  taken  with  pure  nickel. 

Inasmuch  as  no  data  are  available  with  regard  to  the 
compatibility  of  Inconel  with  hydrazine  nitrate  mixtures, 
and  in  view  of  the  limited  corrosion  resistance  exhibited 
by  nickel  in  contact  with  hydrazine  nitrate  mixtures,  it  is 
believed  that  contact  with  the  nitrate  mixtures  should  be 
avoided  unless  specific  screening  tests  are  undertaken. 

Experimental  Data 

Material  tested:  Inconel  (81?  Ni,  13?  Cr,  6?  Fe) 

Source  of  data:  Ref.  3 
Number  of  sample,:  tested:  1 
Shape  of  sample:  Sheet,  50  cm1 
Propellant:  Anhydrous  hydrazine  (95.09?) 

Pressure:  Atmospheric 
Temperature:  y>to25°C(08to77°F) 

Time:  120  hr 

Results:  Negligible  corrosion  was  noted. 

Material  tested:  Inconel 
Source  of  data:  Ref.  4 
Number  of  samples  test  f:  1 
Shape  of  sample:  Stri’ 

Propellant:  Anhydrous  hydrazine  (95.6?) 

Pressure:  Atmospheric 
Temperature:  205C  (68°F) 

Time:  24  days 

flwufir:  No  change  in  the  sample  was  observed. 


Material  tested:  Inconel 

Source  of  data:  Ref.  0 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5?) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  2?  hydrazine  decomposition  was 
noted  (about  more  than  that  for  the  blank 
run  in  glass). 

6.  Inconel  X.  Only  limited  test  data  ptc  -waitable  for 
Inconel  X.  Consequently,  It  is  believed  that  the  evaluation 
given  for  Inconel  (Sec.  IV-A-5)  should  be  followed  until 
additional  data  are  available. 

Experimental  Data 

Material  tested:  Inconel  X  (0.05?  Cb,  0.49?  Mn,  0.39?  Si, 
74.04?  Ni,  14.24?  Cu,  6.80?  Fe,  2.20?  Ti) 
Source  of  data:  Ref.  3 
Number  of  samples  tested:  I 
Propellant:  Hy  '  ’zinc  hydrate  (66?  NaH,) 

Pressure:  Atmospheric 
Temperature:  13  to  23°C  (50  to  73°F) 

Time:  67.5  hr 

Results:  No  evidence  of  corrosion  was  found. 


7.  Iron.  AH  forms  of  iron  are  considered  to  be  com¬ 
pletely  unsatisfactory  for  use  with  hydrazine  or  hydrazine 
nitrate  mixtures.  ‘ 

It  is  well-known  (Refs,  I  and  14)  that  iron  oxide  is 
readily  reduced  by  hydrazine,  and  that  this  reduction,  *> 
being  exothermic,  can  became  explosive  under  certain 
conditions.  In  addition  to  the  hazards  encountered  with 
iron  oxide,  It  has  been  found  that  metallic  iron  In  finely' 
divided  form,  and  also  ferric  ions,  markedly  catalyze  the 
decomposition  of  hydrazine.  Since  the  general  wrosion 
resistance  of  iron  is  poor,  any  salt  or  acid  contamination 
of  hydrazine  would  cause  the  introduction  of  Iron  Impuri¬ 
ties  into  the  hydrazine. 

If  contact  with  oxygen  and  contamination  of  hydrazine 
could  be  completely  avoided,  iron  would  probably  per¬ 
form  as  a  satisfactory  material. 
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Experimental  Data 

Material  tested:  Cast  iron 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45%  NA-452  N3H„NO.,-10S  H30 

Pressure:  Atmospheric 

Temperature:  Ambient 

Time;  A  few  hours 

Results:  The  solution  had  a  cleaning  effect  on  the  sur¬ 
face,  and  gas  evolution  was  noted.  Use  of  this 
material  is  not  recommended. 

-  Material  tested:  Armco  iron 
Source  of  data:  Ref.  10 
Number  of  samples  tested:  2 
Shape  of  samples:  Sheet 
Propellant:  45%  N3H,-152  N.H-.NO.-lOf  H.O 
Pressure:  Atmospheric 
Temperati/re:  Ambient 
Time:  A  few  h6u(s 

Results:  Salt  formation  and  gas  evolution  were  noted. 

Material  tested:  Electrolytic  iron 

Source  of  data:  Ret.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  452  N,tti-452  N3H,NO,-102  H.O 

Presstlre:  Atmospheric 

Temperature:  Ambient 

Tlttie:  A  few  hours 

Results:  Definite  evolution  of  gas  and  salt  formation 
were  observed. 

Material  tested:  Wt  ought  iron 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45?  N*44|-45S  N3Hr.NO3-102  lt20 

Pressure:  Atmospheric 

Temperature:  Ambient 

fade:  A  few  limits 

} icSillts:  A  reaction  on  the  surface  and  definite  gas  evo¬ 
lution  were  rioted. 

Material  tested:  Salt  Imrt 
Soared  of  data:  Ref.  9 


Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant :  Anhydrous  hydrazine  (95.12) 

Pressure:  Atmospheric 
Temperature:  21  to  2VC  (70  to  73°F) 

Time:  9  mo 

Results:  A  considerable  weight  loss  was  noted  each 
month.  Very  heavy  corrosion  and  pitting  were 
observed  in  the  eighth  month.  The  corrosion 
and  pitting  were  so  severe  by  the  ninth  month 
that  the  test  was  discontinued. 

Material  tested:  Soft  iron 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.12) 

Pressure:  Atmospheric 
Temperature:  05nC  (I49°F) 

Time:  10  mo 

Ret-  ,:lts:  A  weight  loss  was  noted  by  the  fifth  month  and 
each  month  thereafter.  By  the  tenth  month,  the 
very  heavy  corrosion  forced  an  end  to  the  test. 

Material  tested:  Pu"  Iron 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shdjw  ofjampks:  Strip 

Propellant:  Anhydrous  hydrazirie  (95,52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  2G"C  (80°F) 

Time:  30  days 

Results:  Approximately  2.52  hydrazine  decomposition 
wis  observed,  aua  a  pressure  increase  of  SO  tniri 
Dg  occurred,  this  material  is  considered  unsat¬ 
isfactory  for  use  with  hydrazine. 

Material  tested:  Pate  iron 

Source  of  data:  Ref,  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

PropPllati t:  Anhydrous  hydrazthe  (95.52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  MPC  (i40°F) 

Time:  30  days 

Results:  Approximately  2,92  hydiazlne  decomposition 
was  hbted  (a  hlaOk  tun  in  glass  showed  4.52 
decomposition).  A  pressure  increase  dt  100  mm 
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Htf  occurred.  This  materia!  is  considered  iinsat- 
is fac to  y  for  use  with  hydrazine. 

8.  Lead.  All  tie  compatibility-test  data  available,  with 
the  exception  of  findings  in  n  test  made  by  NACA,  indi¬ 
cate  virtually  immediate  reaction  with  lead  in  contact 
with  either  anhydrous  hydrazine  or  hydrazine  nitrate 
mixtures.  In  vie  v  of  the  obvious  high  rate  of  corrosion, 
lead  is  considered  to  be  completely  unsatisfactory  for  use 
with  hydrazine  r  r  hydrazine  nitrate  mixtures. 

Experimental  Data 

Material  tested:  Lead 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  1 

Shape  of  samples:  Sheet 

Propellant:  452  N.H.-452  N..H„NO,-102  1LO 

Pressure:  Atmospheric 

Temperature:  72  to  74  °C  (161  to  165°F) 

Time:  7  days 

Results:  A  definite  reaction  was  observed,  with  a  yeilow 
salt  formation  and  loss  of  weight  in  the 
specimen. 

Material  tested:  Lead 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Slutpe  of  sample:  i  trip 

Propellant:  Anhydious  hydrazine  (95.62) 

Pressure;  Atmospheric 
Temperature:  20°C  (68°F) 

Time:  24  days 

Results:  No  change  was  noted  in  the  specimen. 

Material  tested:  Lend 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrp  js  hydrazine  (95.12) 

Pressure :  Atmospheric 
Temperature:  21  to  £3°C  (70  to  73°F) 

Time:  22  hr 

Restdts;  Tin  sample  reacted  immediately,  and  severe 
corrosion  was  apparent  In  22  hr.  The  test  was 
discontinued. 


Material  tested:  Lead 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  iltrip 

Propellant:  Anhydrous  hydrazine  (95.12) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F) 

Time.-  Minutes 

Results:  The  sample  reacted  immediately,  and  the  solu¬ 
tion  turned  blue.  The  test  was  discontinued. 

9.  Magnesium.  Magnesium  is  considered  to  be  com¬ 
pletely  unsatisfactory  for  use  with  anhydrous  hydrazine. 
All  organizations  that  have  undertaken  compatibility  tests 
have  observed  an  almost  immediate  reaction,  resulting  in 
the  evolution  of  large  volumes  of  gas  and  severe  corrosion 
of  the  magnesium.  No  experimental  data  are  available  on 
the  compatibility  of  magnesium  with  hydrazine  hydrate; 
it  seems  likely,  however,  that  such  data  would  also  be 
unsatisfactory. 

Only  one  test  with  hydrazine  nitrate  mixtures  is 
reported.  Some  reaction  was  noted,  apparently  severe 
enough  to  warrant  abandonment  of  further  testing.  On 
the  basis  of  this  test  it  appears  that  magnesium  is  unsuit¬ 
able  for  use  with  hydrazine  nitrate  mixtures. 

Experimental  Data 

Material  tested:  Magnesium 

Source  of  data;  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant;  Anhydious  hydraauc  (95.12) 

Pressure:  Atmospheric 
Temperature:  21  to  23°C  (70  to  73°F) 

Time:  24  hr 

Results :  The  sample  lost  weight  so  iapidiy  that  the  test 
was  discontinued  after  24  hr. 

Material  tested:  Magnesium 
Source  of  data:  Ref.  9 
Number  of  samples  tested:  1 
Shape  of  sample;  Sheet 
Propellant:  Anhydrous  hydrazine  (95.12) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F) 

Timm  Minutes 
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Results:  A  reaction  occurred  immediately,  giving  off 
hydrogen.  The  test  was  discontinued. 

Material  tested:  Magnesium  alloy  M-l 
Source  of  data:  Ref,  18 
Number  of  samples  tested:  6 
Shape  of  samples:  ’■4-in.  sheet 
Propellant:  Anhydrous  hydrazine  (961?) 

Pressure:  Atmospheric 
Temperature:  Ambient 
Time:  24  hr 

Rett/fts:  All  the  samples  were  withdrawn  after  24  hr. 

The  samples  were  pitted,  and  a  heavy  white 
precipitation  appeared  in  the  solution. 

Material  tested :  Magnesium 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.55) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  1.255  hydrazine  decomposition 
was  indicated  by  chemical  analysis;  however,  a 
pressure  increase  of  474  mm  Ilg  was  noted. 
Magnesium  is  not  considered  satisfactory  for 
use  with  hydrazine. 

Material  tested:  Magnesium 

Source  of  data:  Ref.  10 

Number  o,  "i  .pies  tested:  2 

Shape  of  samples:  Strip 

Propellant :  455  N:H.-45%  N,H,NOa-105  H=0 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  (161  to  105°F) 

Time;  7  days 

Results;  No  weight  change  was  observed  in  the  sample; 

however,  gas  evotution  and  surface  blackening 
were  noted.  The  materia!  was  not  considered 
promising  enough  to  warrant  further  testing. 

10.  Manganese.  Only  one  test  on  the  compatibility  of 
manganese  with  hydrazine  has  lrcen  reported.  This  test 
was  made  with  a  45%  hydrazine-45%  hydrazine  nitrate- 
10%  water  mixture.  Excessive  gas  formation  was  noted 
almost  immediately,  and  the  test  was  discontinued  after  a 
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few  hours.  The  compatibility  of  manganese  with  hydra¬ 
zine  nitrate  solutions  is  considered  to  be  unsatisfactory. 

In  view  of  the  meager  data,  it  is  believed  that  testing 
with  anhydrous  hydrazine  should  be  unde,  taken  before 
a  firm  conclusion  is  drawn.  For  the  present,  in  the  absence 
of  specific  testing,  it  is  believed  that  the  use  of  manganese 
should  be  avoided. 

Experimental  Data 

Material  tested:  Manganese 

Source  of  data :  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Strip 

Propellant:  45%  N,H,-45?  N,H»N04-1<W  H:0 

Pressure:  Atmospheric 

Temperature:  Ambient 

Time:  A  few  hours 

Results:  An  obvious  reaction,  with  excessive  gas  forma¬ 
tion,  was  noted,  and  the  test  was  discontinued. 
This  material  is  considered  unsatisfactur  for 
use  with  hydrazine. 

II.  Molybdenum  Molybdenum  is  considered  to  In¬ 
completely  unacceptable  for  use  with  hydrazine  or  hydra¬ 
zine  nitrate  mixtures. 

From  the  standpoint  of  corrosion,  molybdenum  appears 
to  possess  limited  suitability  with  hydrazine;  however,  it 
is  known  that  molybdenum  strongly  catalyzes  the  decom¬ 
position  of  liquid  hydrazine  and,  for  this  reason,  is 
unacceptable.  Molybdenum  has  been  found  to  catalyze 
hydrazine  decomposition  vl'.en  present  in  n  finely  divided 
metallic  form.  In  addition,  it  is  known  that,  under  suit¬ 
able  conditions,  hydrazine  enters  spontaneously  into  a 
combustion  reaction  with  oxidized  molybdenum  (MoO,) 
(Ref.  1).  Apparently,  even  small  quantities  of  molybdenum 
in  various  alloys  are  sufficient  to  produce  a  marked 
increase  in  the  decomposition  of  hydrazine.  A  scries  of 
vapor-phase  decomposition  tests  was  made  by  Olin  Indus¬ 
tries  (Ref.  1),  in  which  various  metals  were  exposed  in 
the  vapor  phase  of  refluxing  hydrazine.  The  tests  with 
316  stainless  steel  (4%  Mo)  and  with  Hastelloy  A  (70%  Ni, 
30%  Mo)  yielded  appreciably  larger  pressure  rises  than 
those  observed  with  304  stainless  steel  and  nickel.  Over 
a  time  period  of  14.5  hr,  the  pressure  rise  for  304  stainless 
was  .31  mm  Hg;  for  316  stainless,  it  was  194  mm  Hg;  and, 
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for  purr  nickel,  it  w;is  79  mm  fig.  For  I  Taste  liny  A.  the 
pressure  rise  was  198  mm  Hg  in  mils  2  hr 

Experimental  Data 

Material  tested:  Molybdenum  (sintered,  swaged,  anti 
rolled  by  Westinghonse) 

Source  of  datn:  Ref.  3 

Number  of  samples  tested:  2 

Shape  of  samples:  Disk  cut  from  sintered  bar 

Propellant:  Anhydrous  hydrazine  (95.097) 

Pressure:  Atmospheric 
Temperature:  20  to  25°C  (68  to  75°F) 

Time:  120  hr 

Results:  Penetration  of  the  samples  was  negligible. 

Material  tested:  Molybdenum  (sheet,  plated  with  0.004- 
in.  chrome) 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  1 

Shape  of  sample:  Sheet 

Propellant:  Anhydrous  hydrazine  (93.237) 

Pressure:  Atmospheric 
Temperature.  20  to  25°C  (68  to  75nF) 

Time:  169  hr 

Results:  No  change  In  the  weight  of  the  sample  was 
observed. 

Material  tested:  Molybdenum 

hunrcc  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  457  NaH,-457  N  ,H„NO,-107  HaO 

Pressure:  Atmospheric 

Temperature:  Ambient 

Time:  A  very  short  time 

Results:  Gas  evolution  occurred  upon  contact  of  the 
sumplc  with  the  solution.  Testing  was  immedi¬ 
ately  discontinued. 

Material  tested:  Molybdenum 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Shape  of  samples:  Strip 
Propellant:  Anhydrous  hydrazine  (95.57) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature.  26°C  (80°F) 

Time:  30  days 


Results:  Approximately  1.57  hydrazine  decomposition 
was  noted. 

12.  Monel.  The  available  test  '  it-  concerning  Monel 
in  contact  with  anhydrous  hydrazine  indicate  negligible 
corrosion  for  a  time  period  of  approximately  1  mo.  Monel 
does  not  appear  suitable  for  use  with  hydrazine  nitrate 
mixtures. 

More  important  than  the  corrosion  aspects,  however, 
is  the  fact  that  Monel  is  composed  of  677  Ni,  307  Cn,  17 
Fe,  17  Mn.  All  these  elements,  in  either  ionic  or  finely 
divided  for  a,  have  been  observed  to  be  catalytic  in  the 
decomposition  of  hydrazine.  For  specific  information,  the 
reader  is  referred  to  the  recommendations  given  for  each 
of  these  metals  elsewhere  in  this  Memorandum. 

It  is  therefore  believed  that  Monel  should  he  avoided 
for  general  use  with  hydrazine  and  should  nut  be  used 
at  all  with  the  nitrate  mixtures.  If,  for  some  reason,  the 
use  of  Monel  is  particularly  desired,  care  should  be  taken 
to  assure  that  the  hydrazine  is  uncontnminnted,  that 
oxidation  conditions  arc  not  present,  and  that  contact 
time  is  limited. 

Experimental  Data 

Material  tested:  Monel  (677  Ni,  307  Cu,  17  Fe,  1*  Mn) 

Source  of  data:  Ref,  3 

Number  of  sampl-s  tested:  1 

Shape  of  sample:  Rolled  sheet 

Propellant:  Anhydrous  hydrazine  (97.637) 

Pressure:  Atmospheric 
T  emperature:  20  to  25°C  (68  to  75°F) 

Time:  92  hr 

Results:  A  penetration  of  0.00011  in./yr  was  recorded.  A 
very  light  attack  on  the  surface  of  the  sample 
was  noted. 

Material  tested:  Monel 

Source  of  data:  Ref,  10 

Number  of  samples  tested :  2 

Shape  of  samples:  Sheel 

Propellant:  457  N„H,-457  NaHr,NO,-107  HaO 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  (101  to  I65°F) 

Time:  Less  than  7  days 
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Results:  The  sample  was  removed  from  the  oven  after 
salt  formation  was  observed  in  the  solution. 

Material  tested:  Monel 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Sheet 

Propellant:  Anhydrous  hydrazine  (95.62) 

Pressure:  Atmospheric 
Temperature:  20°C  (68°  F) 

Time:  24  days 

Results:  No  change  in  the  specimen  was  observed. 

Material  tested:  Monel 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  '26°C  (80°F) 

Time:  30  days 

Results:  Approximately  1.52  hydrazine  decomposition 
was  recorded  (slightly  more  than  that  noted  in 
the  blank  run  in  glass). 


13.  Nickel.  From  the  standpoint  of  corrosion,  nickel 
appears  to  be  relatively  unaffected  by  contact  with 
anhydrous  hydrazine  for  periods  of  1  to  2  mo.  The  only 
test  data  for  hydrazine  nitrate  mixtures  indicate  that  a 
reaction  occurred  after  several  hours  at  165°F. 

Nickel  in  finely  divided  form  (Haney  Nickel)  has  been 
observed  to  catalyze  hydrazine  decomposition.  Here 
again,  as  with  stainless  steel,  cobalt,  etc.,  the  controlling 
factor  appears  to  be  the  extended  surface  area  (Ref.  2). 
Ions  of  nickel  have  been  found  to  be  noncatalytic  in  pure 
hydrazine  (Ref.  1);  however,  where  the  hydrazine  has 
been  contaminated  (with  some  acidic  or  basic  substance), 
and  hydrazine  salts  are  present,  catalytic  decomposition 
of  the  hydrnzine  may  occur  (Hef.  2). 

Therefore,  nickel  should  be  avoided  for  use  with 
hydrazine  where  intermittent  atmospheric  contact  may 
occur,  or  where  impure  hydrazine  is  likely  to  be  present. 
Where  adequate  precautions  are  taken,  nickel  appears  to 
lie  suitable  for  limited  time  periods.  The  use  of  nickel 
with  hydrazine  nitrate  mixtures  is  not  recommended. 


Experimental  Data 

Material  tested:  Commercially  pure  nickel 
Source  of  data:  K«  f.  3 
Number  of  samples  tested:  ! 

Shape  of  sample:  Rolled  shet  t 
Propellant:  Anhydrous  hydrnzine  '97.632) 

Pressure:  Atmospheric 
Temperature:  20  to  25°C  (68  to  75°F) 

Time :  92  hr 

Results:  No  evidence  of  corrosion  was  found. 

Material  tested:  Nicked 

Source  of  data:  Ref.  4 

Number  of  samples  tested :  I 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.62) 

Pressure;  Atmospheric 
Temperature:  20°C  (68°F) 

Time:  24  days 

Results:  No  change  in  the  specimen  was  observed. 

Material  tested:  Nickel 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  "heet 

Propellant:  452  N.H.-452  N3H„NO,-102  H,0 

Pressure:  Atmospheric 

Temperature:  74°C  (185°F) 

Time:  24  hr 

Results:  Salt  formation  became  apparent  after  a  short 
period  of  time.  The  specimen  was  removed 
from  the  oven,  and  She  test  was  discontinued. 

Material  tested :  Nickel 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.12) 

Pressure:  Atmospheric 
Temperature:  21  lo  23nC  (70  to  73°F) 

Time:  12  mo 

Results:  A  weight  loss  in  the  sample  was  noted  each 
month. 

Material  tesled:  Nickel 
Source  of  data :  Ref.  9 
Number  of  samples  tested:  1 
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Shape  of  sample :  Strip 

Propellant:  Anhydrous  hydrazine  (95.1?) 

Pressure:  Atmospheric 
Temperature:  65DC  (165°F) 

Time:  10  mo 

Results:  A  weight  loss  wus  noted  during  die  fifth  month 
and  each  month  thereafter.  By  the  tenth  month, 
the  very  heavy  corrosion  necessitated  discon¬ 
tinuing  the  tost. 

Material  tested:  Nickel 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

PropeCiant:  Anhydrous  hydrazine  (95.5?) 

Pressure:  Closed  system,  initially  ntmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  1?  hydrazine  decomposition  was 
noted. 

Material  tested:  Nickel 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5?) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  60°C  (140°F) 
time:  30  days 

Results:  Approximately  24*  hydrazine  decomposition 
was  observed  (about  6  times  the  value  for  the 
blank  run  in  glass). 

Material  tested:  A-Nickel  (99.4?  Ni  +  Co) 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5*) 

Pressure:  Closed  system,  Initially  atmospheric 
Ten>i>etature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  2.25?  hydtazine  decomposition 
was  found  (a  blank  run  in  glass  showed  1.5? 
decomposition). 

14.  Nickel-chromium  alloys.  The  only  available  data 
were  obtained  from  tests  made  with  a  nickel-chromium 


alloy  in  contact  with  a  hydrazine  nitrate  mixture.  Because 
of  the  scarcity  of  data,  und  also  because  of  the  similarity 
of  this  alloy  to  pure  nickel,  it  is  believed  that,  at  least  for 
the  present,  the  evaluation  given  tor  nickel  should  be 
followed. 

Experimental  Data 

Material  tested:  Nickel-chromium  alloy  (75?  Ni,  12?  Cr, 
9?  Fe,  5?  Cu) 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45*  N2H,-45?  N,H5N<V10*  H,() 

Pressure:  Atmospheric 
Temperature:  74°C  (165°F) 

Time:  24  hr 

Restdts:  Formation  of  salt  in  the  solution  was  noted 
after  a  short  period  of  time.  The  sample  was 
removed  from  the  oven,  and  the  test  was  dis¬ 
continued. 

Material  tested:  Nickel-chromium  alloy  (Nichrome,  61? 

Ni,  15*  Cr,  balance  Fe) 

Source  of  data:  Ref.  6 
Number  of  samples  tested ■■  1  or  2 
Shape  of  samples:  Strip 
Propellant:  Anhydrous  hydrazine  (95.5*) 

Pressure:  Closed  system,  initially  ntmospheric 
Temperature:  26°C  (80°F) 

Time.'  30  days 

Results:  Approximately  1.5*  hydrazine  decomposition 
was  observed  (,i  slightly  decomposition 

than  that  noted  in  the  blank  run  in  glass). 


Material  tested:  Nickel-chromium  alloy  (Chromel-A) 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95,5*) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  28°C  (80°F) 

Time;  30  days 

Results:  Approximately  3*  liydrnzino  decomposition  was 
recorded  (about  twice  that  obtained  with  the 
blank  run  in  glass). 
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15.  Silver.  Only  one  source  of  data  has  been  found 
relating  to  the  compatibility  of  silver  with  anhydrous 
hydrazine.  From  these  data,  silver  appears  to  he  suitable, 
from  a  corrosion  standpoint,  for  use  with  hydrazine  for 
at  least  a  month.  However,  Mathieson  Chemical  Corpora¬ 
tion  reports  (Ref.  1)  that  hydrazine  is  capable  of  reducing 
the  salts  and  oxides  of  silver,  with  a  possible  acceleration 
of  the  decomposition  of  the  hydrazine.  For  this  reason, 
silver  should  be  avoided  for  general  use. 

Experimental  Data 

Material  tested:  Silver 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5?) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  2C°C  (80°F) 

Time:  30  days 

Rcsidts:  Approximately  2?  hydrazine  decomposition  was 
observed  (about  more  than  that  obtained  in 
the  blank  run  in  glass). 

18.  Ster t  (mild).  Mild  steel  of  any  type  is  considered 
to  be  undesirable  for  contact  with  hydrazine  or  hydrazine 
nitrate  mixtures. 

From  a  corrosion  standpoint,  the  avail  iblc  test  data 
indicate  that,  in  general,  there  is  negllglb  e  corrosion  of 
mild  steel  in  contact  with  anhydrous  hydr  izinc  for  time 
periods  of  approximately  1  mo.  After  more  extended 
periods,  the  corrosion  and  weight  loss  are  more  severe. 

Corrosive  attack  by  hydrazine  nitrate  mixtures  appears 
to  bo  much  mote  rapid)  however,  the  prims  ry  danger  in 
using  mild  steel  is  the  possible  Formation  ol  rust,  which 
can  react  With  the  hydrazine. 

For  additional  details,  see  the  evaluation  of  Iron  (Sec. 
1V-A-7).  If,  for  some  Specific  reason,  mild  steel  must  he 
used,  extreme  care  should  be  taken  to  keep  the  surface 
free  of  oxides. 

Experimental  Data 

Material  tested:  Mild  sb  el  (SAE  1020) 

Source  of  data:  Ref.  3 
Number  of  samples  teste  i:  1 


Shape  of  sample:  Rolled  sheet 
Propellant:  Anhydrous  hydrazine  (97.635) 

Pressure:  Atmospheric 
Temperature:  20  to  25°C  (63  to  75°F) 

Time:  92  hr 

Results:  Any  visible  corrosion  was  masked  by  rust 
formed  after  the  test.  Although  the  test  results 
indicate  negligible  corrosion  of  the  steel,  this 
material  is  not  recommended  for  use  because 
of  the  case  of  rusting  and  the  effect  of  rust  on 
the  decomposition  of  hydrazine. 

Material  tested:  Spring  steel 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45?  NaH,-45?  NSH,NO,-10?  H,0 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  (161  to  165CF) 

Time:  7  days 

Results:  Definite  salt  formation  and  loss  of  weight 
(4.45?)  in  the  snmple  were  observed. 

Material  tested:  M-grade  steel 

Source  of  data:  Hef.  10 

Number  of  samj  '•*  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45?  NaHa-45?  N-HnNO.t-lO?  HaO 

Pressure:  Atmospheric 

Temixratttre:  72  to  74°C  (161  to  165°F) 

Time:  7  days 

Results:  Definite  loss  in  sample  weight  (9.04?)  and  for¬ 
mation  of  gray  suit  in  the  salutlon  were  noted 

Material  tested:  Steel  (SAE  4130,  annealed) 

'  Source  of  data:  Ref.  10 
Number  of  samples  tested :  3 
Sfiope  of  samples:  ii-in.  sheet 
Propellent:  Anhydrous  hydrazlnr  (U6?) 

Pressure:  Atmospheric 
Temperature:  Ambient 
rime:  36  to  278  days 

Results:  Some  loss  in  weight  was  noted  for  all  samples. 
Tins  material  is  not  recommended  because  of 
rust  possibilities. 

Material  tested:  Cold-tolled  steel 
Source  of  data:  Ref.  4 
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Number  of  samples  tested :  I 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.6!?) 

Pressure:  Atmospheric 
Temperature:  20°C  (68°  F) 

Time :  24  days 

Results:  No  change  in  the  specimen  was  observed. 

Material  tested:  Mild  steel 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.156) 

Pressure:  Atmospheric 
T amperature :  21  to  23°  C  (70  to  73°F) 

Time:  12  mo 

Results:  A  weight  loss  was  noted  each  month  when  the 
sample  was  checked.  By  the  seventh  month, 
considerable  corrosion  was  apparent. 

Material  tested:  Mild  steel 

Source  of  data:  Ref.  0 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.1%) 

Pressure:  Atmospheric 
Temperature:  65°C  (149aF) 

Time:  10  mo 

Results:  A  weight  loss  in  the  sample  was  noted,  starting 
at  the  fifth  month.  The  test  was  discontinued 
in  the  tenth  month,  when  very  heavy  corrosion 
was  found  to  be  present. 

Material  tested:  Mild  steel 

Source  of  data:  Ref,  6 

Number  of  samples  tested:  l  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5%) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  2,0%  hydrazine  decomposition 
was  observed  (about  M  more  than  that  for  the 
blank  run  in  glass).  A  significant  pressure 
increase  was  noted. 

Material  tested:  Mild  steel 
Source  of  data:  Ref.  6 


Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95,5%) 

Pressure:  Closed  sys.em,  initially  atmospheric 
Temperature:  60°C  (140°  F) 

Time:  4  mo 

Rastdts:  The  sample  was  unaffected  and  did  not  decom¬ 
pose  the  hydrazine. 


17.  Steel  (stainless).  The  compatibility  of  stainless  steel 
with  anhydrous  hydrazine  has  been  investigated  rather 
thoroughly.  However,  because  of  the  wide  variety  of 
stainless  steels  available,  it  is  necessary  that  recommenda¬ 
tions  for  each  type  be  given  separately. 

Of  the  stainless  steels  which  have  been  tested,  only  two 
are  presently  considered  suitanic  tor  unlimited  service 
types  304  and  347.  This  recommendation  is  based  on  (1) 
the  data  presented  below,  (2’>  the  successful  application 
of  such  steels  in  test-cell  installations  at  this  Laboratory 
for  over  8  yr,  and  (3)  the  recommendations  of  Mathieson 
Chemical  Corporation  (Refs.  1  and  2)  and  Fairmount 
Chemical  Company  (Ref.  6),  after  years  of  successful 
service  in  the  production  and  storage  of  hydrazine. 

The  suitability  of  these  stainless  steels  appears  para¬ 
doxical,  on  cursory  examination,  in  view  of  the  known 
fact  that  ferric  ions,  as  well  as  iron  and  stainless  steels  in 
finely  divided  form,  are  catalytic  in  the  decomposition 
of  hydrazine.  Practically,  of  course,  the  stainless  steel  is 
present  in  sheet  or  plate  form  and  has  a  relatively  smooth 
surface,  so  that  the  extended  surface  area  is  minimized. 
In  addition  'arge  quantities  of  metallic  ions  will  not  be 
present  oniess  there  has  been  sait  or  acid  contamination 
of  the  metal  surface,  accompanied  by  the  usual  metallic 
corrosion  and  introduction  of  ions  into  the  solution.  There 
is  little  possibility  of  the  occurrence  of  this  problem, 
because  of  the  excellent  resistance  of  304  and  347  stain¬ 
less  steel  to  such  acid  attack. 

Molybdenum  has  been  observed  to  be  a  particularly 
potent  catalyst  in  the  decomposition  of  liquid  hydrazino 
(Ref.  1).  Consequently,  molybdenum-stabilized  stainless 
steels  (the  most  common  being  type  316)  should  be 
avoided.  There  is  insufficient  evidence,  at  present,  to  War¬ 
rant  setting  a  maximum  allowable  tolerance  for  molyb¬ 
denum  in  stainless  steels;  therefore,  it  is  believed  that 
types  303,  315,  317,  318,  329,  416,  420F,  430F,  440A, 


CONFIDENTIAL 


Memorandum  No.  20-152 


CQNTIDlNTIAL 


J*tPrwtul$hnJxiboti>toi£ 


and  440C  should  be  avoided,  until  sufficient  data  are 
available  to  permit  some  definite  conclusions  to  be  drawn. 

It  is  believed  that  other  300-serics  steels,  such  as  302 
and  321,  may  also  be  suitable  for  unlimited  service,  but 
that,  in  the  absence  of  adequate  experimental  datu,  their 
use  should  be  restricted  to  moderate  time  periods. 

Other  400-series  steels,  such  ns  410  and  430,  also  tall 
into  this  category;  however,  the  additional  factor  of  their 
poorer  resistance  to  rusting  should  be  taken  into  con¬ 
sideration. 

Experimental  data  concerning  the  compatibility  of  stain¬ 
less  steels  with  hydrazine  nitrate  mixtures  are  meager.  The 
Naval  Ordnance  Laboratory  noted  salt  formation  and 
weight  loss  with  18-8  stainless  steel  (type  not  given)  in  con¬ 
tact  with  a  mixture  of  45%  N:H,— 45%  NjHjNOj— 10%  HjO 
for  7  days  at  165°F,  This  Laboratory,  however,  has 
utilized  types  3(M  and  347  stainless  steels  for  test-cell 
equipment  for  2  to  3  yr,  in  contact  with  a  08% 
NaH,-24%  NjH,NOj-10%  11,0  mixture,  with  no  apparent 
difficulties.  It  is  considered  necessary  that  additional  tests 
be  made  before  any  specific  conclusions  with  regard  to 
the  hydrazine  nitrate  mixtures  can  be  drawn. 

Where  stainless  steels  are  joined,  hellarc  welding 
should  be  used  to  eliminate  slag  or  oxide  inclusions  which 
may  act  to  catalyze  the  decomposition  of  hydrazine. 

Experimental  Data 

Material  tested:  Type  304  stainless  steel  (0.08%  C  (max), 
17.5/19%  Cr,  8/9%  Ni,  solution  heat- 
treated] 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
S/idpe  of  sample!  Solid  cylinder 
Profwllant:  Hydrazine  hydrate  (00%) 

Pressure;  Atmospheric 
Temperature:  14to25°C(59to75°F) 

Time;  67.5  hr 

Results:  No  corrosion  was  apparent,  and  no  change 
occurred  in  the  weight  of  the  sample. 

Material  tested:  Type  304  stainless  steel 
Source  of  data:  Ref.  16 
Number  of  samples  tested:  6 
Shape  of  samples:  !4*in.  sheet 
Propellant:  Anhydrous  hydrazine  (90%) 


Pressure:  Atmospheric 
Temperature:  Ambient 
Time:  119  fo  382  days 

Results:  A  slight  loss  in  weight  war  observed  for  all 
samples. 

Material  tested:  Type  302  stainless  steel 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.6%) 

Pressure:  Atmospheric 
Temperature:  20°C  (68°F) 

Time:  24  days 

Restdts:  No  change  in  the  specimen  was  found  after  the 
test.  A  pressure  increase  due  to  gas  evolution 
was  recorded,  equal  to  0.015  utm/dny  /ml  NaH,. 

Material  tested:  Type  321  stainless  steel 

Source  of  tlata:  Ref.  4 

Number  of  samples  tested ;  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.6%) 

Pressure:  Atmospheric 
Temperature:  20° C  (68°F) 

Time:  24  days 

Results:  No  change  Was  observed  in  the  specimen.  The 
pressure  increase  due  to  gas  evolution  was 
0.011  atm/day/ml  N-H.. 

Material  tested.  Type  430  stainless  steel 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Ship 

Propellant:  Anhydrous  hydrazine  (95.6%) 

Pressure ;  Atmospheric 
Temperature:  20°C  (08°F) 

Time:  24  days 

Results:  No  change  was  observed  in  the  specimen.  The 
pressure  increase  due  to  gas  evolution  was 
0,010  ntm/day/ml  NaH,. 

Material  tested:  Stainless  W  alloy  (Camegie-Illinois: 

0.06%  C,  7%  Ni,  17%  Cr,  0.6%  Ti, 
0.2%  Al) 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  2 

Shape  of  samples:  Disk  from  bar  stock 
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Propellant:  Anhydrous  hydrazine  (93.237) 

Procure:  Atmospheric 
Temperature:  24’C  (75nF) 

Time:  147  hr 

Results:  No  corrosion  or  change  in  weight  svas  noted  in 
either  sample. 

Material  tested:  Stainless  steel  (type  not  specified) 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95. IS) 

Pressure:  Atmospheric 
Temperature:  21  to  23°C  (70  to  73°F) 

Time:  12  mo 

Results:  A  weight  loss  was  noted  each  month.  The 
material  was  not  considered  satisfactory. 

Material  tested:  Stainless  steel  (type  not  specified) 
Source  of  data:  Ref.  9 
Number  of  samples  tested:  1 , 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.12) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F) 

Time:  12  mo 

Results:  A  weight  loss  was  noted  in  the  sample  at  the 
fifth  month  and  each  month  thereafter. 

Material  tested:  Type  347  stainless  steel 

Source  of  data:  Ref.  17 

Number  of  samples  tested:  4 

Shape  of  samples:  Lathe  turnings  from  bar  stock 

Propellant:  Anhydious  hydrazine  (95.332) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  Ambient 
Time:  39  days 

Results:  Tho  four  samples  were  actually  tested  as  fol¬ 
lows:  two  samples  were  stored  in  the  daylight; 
one  was  stored  in  the  dark;  the  remaining  one 
was  preheated  to  500°C  for  15  min,  cooled,  and 
immersed  in  the  hydrazine.  None  of  the  samples 
showed  any  visible  signs  of  rusting  or  corrosion 
at  any  time,  nor  did  they  show  any  appreciable 
change  in  weight  after  39  days  of  exposure. 
The  change  in  hydrazine  concentration  noted 
during  the  tests  was  not  significant  (0.52  or 
less);  however,  it  was  concluded  that  hydrazine 


stored  in  daylight  decomposes  slowly,  as  com¬ 
pared  with  material  stored  in  the  dark,  and  that 
the  presence  of  stainless  steel  has  a  slight  accel¬ 
erating  effect  on  the  decomposition  in  daylight. 

Material  tested:  Type  304  stainless  steel 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples;  Strip 

Propellant:  Anhydrous  hydrazine  (95.52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Tima:  30  days 

Results:  Approximately  1.252  hydrazine  decomnosition 
was  observed  (slightly  lower  than  the  decom¬ 
position  noted  in  the  blank  run  in  glass). 

Material  tested:  Type  304  stainless  steel 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  60°C  (140°F) 

Time:  30  days 

Results:  Approxima.^.y  42  hydrazine  decomposition  was 
noted  (about  VjS  less  than  that  noted  in  the 
blank  run  in  glass). 

Material  tested:  Type  317  stainless  steel 

Source  of  data:  Ref.  8 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hyuraznt.-  (95.52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  1.5$  hydra^nc  decomposition 
was  observed  (about  the  same  ns  that  noted  in 
the  blank  run  in  glass). 

Material  tested:  Type  302  stainless  steel 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  28°C  (80°F) 
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Time:  30  day's 

Results:  Approxirr*  itely  2?  hydrazine  decomposition  was 
noted  (about  l:i?  more  than  that  noted  in  the 
blank  run  in  glass). 

Material  tested:  122-chroniium  stainless  steel 

Source  of  data:  F.ef.  B 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (93.52) 

Pressure :  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  1.52  hydrazine  decomposition 
was  observed  (about  the  same  as  that  noted  in 
the  blank  run  in  glass). 

Material  tested:  Type  304  stainless  steel 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1 

Shape  of  sample Strip 

Propellant:  Anhydrous  hydrazine  (95.52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  603C  (140°F) 

Time:  4  mo 

Results:  The  sample  was  unaffected  and  did  not  decom-  , 
pose  the  hydrazine  to  any  extent. 

Material  tested:  Type  18-8  stainless  steel 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Strip 

Propellant:  452  N.H.-452  N2HaNOn-102  H-0 

Pressure:  Atmospheric 

Temperature ■  72to74°C{161tol650F) 

Time:  7  days 

Results:  Definite  salt  formation  occurred  in  the  liquid 
phase,  and  corrosion  was  noted  in  both  the 
liquid  and  the  vapor  phase.  The  weight  loss  of 
the  sample  was  0.232. 

18.  Stellite.  The  results  of  a  single  investigation,  con¬ 
sisting  of  a  87!£-hr  corrosion  test  with  hydrazine  hydrate, 
are  the  only  data  available.  From  a  corrosion  standpoint, 
the  stellite  appeared  to  be  unaffected.  However,  because 
of  the  liigh  percentage  of  molybdenum  present  (4.5  to 
6.52),  which  has  been  observed  (Ref.  1)  to  be  a  specific 


and  potent  catalyst  for  the  decomposition  of  liquid  hydra¬ 
zine.  it  is  believed  that  stellite  should  be  avoided  for 
contact  with  anhydrous  hydrazine,  hydrazine  hydrate, 
and  hydrazine  nitrate  mixtures. 

Experimental  Data 

Material  tested:  Stellite  21  (0.20/0.352  C,  25/302  Cr, 
1.75/3.752  Ni,  4.5/6.52  Mo,  2.02  max  Fe, 
balance  Co) 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Shape  of  sample:  Cast  section  of  blade 
Propellant:  Hydrazine  hydrate  (662) 

Pressure:  Atmospheric 
Temperature:  14to25°C(59to75°F) 

Time:  67.5  hr 

Results:  No  evidence  of  corrosion  was  found. 

19.  Tantalum.  Two  organizations  have  conducted  com¬ 
patibility  tests  of  tantalum  in  contact  with  anhydrous 
hydrazine.  Both  tests,  one  continuing  for  approximately 
a  month  and  the  other  for  almost  a  year,  were  carried  out 
at  ambient  temperatures  and  Indicate  that  the  tantalum 
was  unaffected  •  1  caused  no  significant  decomposition 
of  the  hydrazine.  In  view  of  the  limited  data,  it  is  con-' 
eluded  that  additional  testing  under  elevated-temperature 
conditions  should  be  undertaken  before  tantalum  can  be 
considered  acceptable  for  unlimited  service.  No  test  data 
regarding  the  compatibility  of  tantalum  with  hydrazine 
hydrate  or  hydrazine  nitrate  mixtures  are  available. 

Experimental  Data 

Material  tested:  Tantalum 

Source  of  data:  Ref.  10 

Number  of  samples  tested ■  1 

Shape  of  sample:  Sheet,  10  mm  X  100  mm  X  37  mm 

Propellant:  Anhydrous  hydrazine  (97.52) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature :  Ambient 
Time:  331  d-.ys 

Results:  Tile  sample  was  completely  unaffected.  No  sig¬ 
nificant  decomposition  of  the  hydrazine  was 
noted. 

Material  tested:  Tantalum 
Source  of  data:  Ref.  6 
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Number  of  samples  tested.  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.53) 

Pressure :  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  23  hydrazine  decomposition  was 
noted  (about  163  higher  than  that  found  in  the 
blank  run  in  glass). 

20.  Tin.  It  would  appear  that,  from  a  corrosion  stand¬ 
point,  tin  can  be  considered  acceptable  over  a  narrow 
range  of  temperatures,  Picatinny  Arsenal  noted  no  change 
in  the  weight  of  a  fin  sample  in  contact  with  hydrazine 
at  room  temperature  for  12  mo,  hut  observed  weight  and 
surface  discoloration  after  contact  for  approximately  6  mo 
at  149°  F.  Battellc  Memorial  Institute  does  not  make  note 
of  any  corrosion  after  contact  for  1  mo  at  either  80°F  or 
140°F. 

More  important,  perhaps,  than  the  corrosion  aspects  of 
tin  compatibility  is  the  fact  that  the  contamination  of 
liquid  hydrazine  by  the  oxides  of  tin  lower  the  ignition 
temperature  in  air  from  428°F  to  230°F  (Ref.  9).  For  this 
reason,  tin  is  not  recommended  for  general  use  with 
anhydrous  hydrazine  or  hydrazine  nitrate  mixtures. 

Experimental  Data 

Material  tested:  Tin 

Source  of  data:  Ref.  9 

Number  of  samples  tested ;  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.1S) 

Pressure:  Atmospheric 
Temperature:  21  to  23°C  (70  to  73°F) 

Time:  12  mo 

Results:  No  change  in  the  weight  of  tho  sample  was 
noted. 

Material  tasted:  Tin 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.1*) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F) 

Time:  11  mo 


Results:  A  loss  in  the  weight  of  the  sample  was  noted, 
starting  with  the  seventh  month.  By  the 
eleventh  month,  the  metal  had  turned  very- 
dark,  and  the  test  was  discontinued 

Material  tested:  Tin 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples.  Strip 

Propellant:  Anhydrous  hydrazine  (95.53) 

Prcssttrc:  Closed  system,  initially  atmospheric 
Temperature :  26  °C  (80°F) 

Time:  30  days 

Rcsrdts:  Approximately  33  hydrazine  decomposition  was 
noted  (a  blank  run  in  glass  showed  1.53  decom¬ 
position). 

Material  tested:  Tin 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydmzino  (95.53) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  60°C  (140°F) 

Time:  30  days 

Results:  Approximately  4*  hydrazine  decomposition  was 
observed  (about  the  same  decomposition  as  that 
noted  in  the  blank  run  In  glass). 

21.  Titanium.  Titanium  is  considered  completely  satis¬ 
factory  for  use  with  anhydrous  hydrazhu  or  hydrazine 
nitrate  mixtures.  Although  only  one  organization,  the  1T.S. 
Nnval  Ordnance  Laboratory,  hnj  undertaken  a  compati¬ 
bility  test  program,  this  program  was  detailed  and  con¬ 
clusive.  Aspects  of  material  corrosion,  ns  well  as  solution 
stability,  were  determined  at  ambient  and  elevated  tem¬ 
peratures  (160°F)  with  anhydrous  hydrazine  and  with  a 
number  of  hydrazine  nitrate  mixtures  of  varying  concen¬ 
tration.  In  all  cases,  the  test  samples  were  entirely  unaf¬ 
fected,  and  the  solutions  themselves  showed  no  significant 
decomposition. 

Experimental  Data 

Material  tested:  Titanium 
Source  of  data;  Ref.  5 
Number  of  samples  tested:  4 
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Shape  of  samples:  Sheet,  10  mm  X  100  mm  X  3  mm 
Propellants:  97.5*  N,H,-1.9*  H-O-O.6*  NH, 

78.4*  N-H,-I8.1*  NJFf.NOr-A*  K,0- 
0.5*  NH, 

44.9*  NaH,-45.3*  N5H,NO,-9.4*  11,0- 
0.4*  NH, 

19.6*  N5Hi-Y8.4*  NjH»NO*-1.8S  HsO- 
0.2*  NH, 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  Ambient 
Time:  324  to  355  days 

Results:  The  material  was  ontirely  unaffected.  No  sig¬ 
nificant  decomposition  was  observed  in  any  of 
the  solutions. 

Material  tested:  Titanium 

Source  of  data:  Ref.  8 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  70*  N.Hr-25*  N,H„NO,-5*  H,0 

Pressure:  Closed  system,  initially  atmospheric 

Temperature:  71°G  (160°P) 

Time:  9wk 

Results:  The  titanium  strip  was  completely  unaffected. 
No  significant  change  in  solution  composition 
had  takeii  place. 

IS,  Zinc.  All  esperimental  data  available  indicate  that 
rinc  is  completely  unsatisfactory  lor  contact  with  ailhy- 
dreUs  hydrazine  or  hydrazine  nitrate  mixtures.  A  definite 
reaction  takes  place  quickly,  with  severe  corrosion  of  the 
metal  and  the  formation  Of  a  precipitate. 

Experimental  Data 

Material  tested:  Zinc 
Source  of  data:  Ref,  10 
Number  o#  mwpfea  tested:  2 

Shape  of  Sampfci:  Street 

PropetteHt:  4h*  N,rt,-45*  N^NCVIO*  H.O 

Pressure:  Atmospheric 

Tcmperotwte:  Ambient 

time:  24  ht 

Results:  A  definite  reaction  Was  noted,  With  complete 
decomposition  of  the  sample  at  room  tempera¬ 
ture.  The  specimen  W4s  hot  tested  at  ?4CC 
because  Of  its  reactivity. 


Malarial  tested:  Zinc 

Source  of  ilala:  Fef.  9 

Number  of  samples  tested:  1 

Shape  of  sample.-  Jtrip 

Propellant:  Anhydrous  hydrazine  (95.1*) 

Pressure:  Atmospheric 
Temperature:  21  to  23°C  (70 to  73°F) 

Time:  2  mo 

Results:  Very  heavy  corrosion  was  apparent  after  1  mo. 

There  was  a  deposit  of  hygroscopic  crystalline 
material  over  the  entire  strip.  The  sample  was 
cleaned  and  placed  in  the  solution  for  another 
month.  At  the  end  of  the  second  month,  the 
same  condition  was  apparent  The  test  was  dis¬ 
continued. 

Material  tested:  Zinc 

Source  of  datu:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95,1*) 

Pressure t  Atmospheric 
Temperature:  65»C(149«F) 

Time:  8  mo 

Results:  A  Weight  loss  was  noted  after  1  mo.  By  the 
eighth  i.m.ith  of  the  test,  very  heavy  corrosion 
and  Incrustation  Of  the  metal  was  apparent,  The 
test  was  discontinued, 

B,  Mastics  end  tlastormrs 
1.  Cellulose  acetate.  Cellulose  acet-te  appears  to  be 
completely  unsuitable  for  contact  with  hydrarine- 
hydrUiliiti  nitrate-wat.:*  -nlxhiteS;  No  data  on  its  com¬ 
patibility  with  anhydrous  hydrazine  are  available.  If  the 
material  is  required  for  application  with  anhydrous  hydra¬ 
zine,  additional  tests  should  be  ^deftikrii/Tti:-  the 
absence  of  experimental  data  with  anhydrous  hydrazine, 
this  material  is  hot  recommended, 

Experimental  Data 

Material  fesiett:  Cellulose  acetate  (flow  F-fl) 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  4SX  NiH,-45*  N.l^NU-lO*  H-O 

Pressure;  Atniosl)heric 
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Temperature:  72  to  74°C  (101  to  165°F) 

Time:  7  days 

Results:  This  material,  when  placed  in  the  propellant. 

became  swollen  and  showed  definite  signs  of 
chemical  decomposition.  The  same  type  of  reac¬ 
tion  occurred  at  ambient  temperature  and  at 
74°C. 

2.  Dlallyl  phthalale.  This  material  appears  to  be  com¬ 
pletely  unsuitable  for  contact  with  hydrazine-hydrazine 
nitrate-water  mixtures.  No  test  data  concerning  its  com¬ 
patibility  with  anhydrous  hydrazine  arc  available; 
however,  because  of  its  extremely  poor  behavior  with  the 
nitrate  mixture,  it  would  also  be  unsatisfactory  with 
anhydrous  hydrazine. 

Experimental  Data 

Material  tested:  Dinllyl  phthalate  (Shell) 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45*  N-H.-45S  N.II, NCb-10*  H30 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  (161  to  165°F) 

Time-  7  days 

Results:  The  sample  was  completely  decomposed  by  the 
solution. 


3.  Epon.  Epon  is  nut  recommended  for  contact  with 
hydrofine  nitrate  mixtures  for  extended  periods  of  time. 
Contact  times  should  probably  be  limited  to  a  few  weeks. 
No  eitperimental  data  on  the  use  of  this  material  with 
anhydrous  hydrazine  are  available;  howev  <  r.  it  appears 
probable  that  Epon  would  also  be  acceptable  In  this 
application  for  short  contact  times. 

Experimental  Data 

Materiel  tested:  Epon 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Sbupe  of  samples:  Sheet 

Pro/Kllant:  45*  N-H.-45*  N.H.NO  -KM  H-0 

Pressure:  Atmospheric 

Tcinpcmtnw:  72  to  74°C  (161  to  165°F) 

h|«  28 


Time:  7  days 

Results:  The  specimens  showed  a  definite  gain  in 
weight  and  appeared  blenched. 

4.  Ethyl  cellulose.  Ethyl  cellulose  appears  to  have  been 
dissolved  to  some  extent  by  a  hydrazine  nitrate  mixture. 

In  view  of  the  degree  of  attack,  ethyl  cellulose  would 
probably  be  acceptable  for  time  periods  of  a  few  weeks, 
both  in  hydrazine  nitrate  mixtures  and  in  anhydrous 
hydrazine. 

Experimental  Data 

Material  tested:  Ethyl  cellulose  (E/C-232) 

Source  of  data.  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheel 

Propellant.  43*  N-H.-4L*  N,H,NO„-10*  H:0 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  ( 161  to  165°F) 

Time:  7  days 

Results:  An  apparent  material  toss  of  2*  and  a  very  slight 
color  change  were  noted. 

5.  Furane  resin.  It  appears  that  furane  is  soluble  to 
some  extent  in  hydrazine  nitrate  mixtures.  In  all  likeli¬ 
hood,  furane  resin  would  be  acceptable  in  contact  with 
hydrazine  nitrate  mixtures  nnd  anhydrous  hydrazine  for 
time  periods  limited  to  a  few  weeks. 

Experiment 4  Data 

Material  tested:  Furane  resin  (Resin  X) 

Source  of  (feta;  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Pivpellant:  45*  N=H;-45*  N=H,NO,-10*  H-0 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  (161  to  165°F) 

Time;  7  days 

Results:  The  sample  showed  a  definite  loss  in  Weight 
(4.3*).  No  other  physical  changes  were  noted. 

6.  Hycar.  The  only  experimental  data  available  indicate  - 
limited  Acceptability  for  Hycar  in  contact  with  hydra* 
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zino  hydrate,  It  is  probable  that  it  would  also  be  accept¬ 
able  with  anhydrous  hydrazine  for  short-term  contact. 
Additional  tests  should  be  made  bcttue  use  with  hydra¬ 
zine  nitrate  mixtures  is  contemplated. 

Experimental  Data 

Material  tested :  Hycar 
Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Shape  of  sample:  O-ring 
Propellant:  Hydrazine  hydrate 
Pressure:  Atmospheric 
Temperature:  14  to  25°C  (59  to  75°F) 

Time:  67.5  hr 

Results:  A  slight  reduction  in  the  weight  of  the  sample 
was  observed.  This  material  was  considered 
satisfactory  by  M.  W,  Kellogg  Company. 

7.  Kel-F.  Kel-F  appears  to  be  satisfactory  for  extended 
use  with  both  hydrazine  and  hydrazine  nitrate  mixtures. 
Experimental  data  Indicate  surface  discoloration,  but  no 
apparent  effect  on  other  physical  properties.  It  is  (relieved, 
however,  (hat  if  there  is  any  preference  in  (he  Use  of 
plastics,  Teflon  or  polyethelene  should  be  employed 
before  Kel-F  is  considered. 

Experimental  Data 

Material  tested:  Kel-F  (NST  270,  pressed) 

Source  of  data:  Ref.  16 
Number  of  samptes  tested:  6 
Shape  of  samples:  W-in.  sheet 
Propellant:  Anhydrous  hydrazine  (96%) 

Pressure:  Atmospheric 
Temperature:  Ambient 
time:  114  to  377  days 

Rcsutts:  Most  samples  showed  very  slight  weight 
increases.  Two  samples  were  tinted  brown,  uttc 
Sample,  at  the  end  of  377  days,  showed  Ho 
weight  change. 

Material  tested:  Kel-F 

Source  of  data:  Ref.  lo 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45%  NA-45%  N5H,NO,-10*  H:0 


Pressure:  Atmospheric 

Temperature .  72  to  74°C  (161  to  165CF| 

Time:  7  days 

Results:  No  sigi.  of  definite  loss  nr  gain  in  weight  was 
noted,  The  specimen  fumed  brown  (apparently, 
u  skin  effect). 

Material  tested:  Kel-F 
Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  This  material  is  considered  by  North  American 
Aviation,  Inc.,  to  be  suitable  in  contact  with 
hydrazine  for  extended  times  at  temperatures 
up  to  390°  F. 

S.  Lactopreme.  This  material  apparently  changes 
physical  properties  rather  dristieally  on  contact  with 
hydrazine  nitrate  mixtures.  It  is  likely  that  it  would  also 
lie  unsatisfactory  for  use  with  anhydrous  hydrazine. 

Experimental  Data 

Material  tested:  Luetoprerrio  (BN-15-298) 

Source  of  dtitti:  it) 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Projretlanh  45*  Nsti,-452  hWf,NO,-l(K  U.O 

Pressure;  Atmospheric 

t  smperaitire:  72  to  74°C  ( lei  fa  1650F) 

T  aw:  7  days 

Results:  The  specimens  showed  u  slight  loss  hi  weigh i. 
The  material  cracked,  became  embrittled,  and 
showed  n  color  change. 

0.  Lucite.  Lucite  appears  to  he  Satisfactory  foir  contact 
periods  of  a  few  weeks,  both  with  anhydrous  hydrr.zirte 
and  with  hydrazine  nitrate  mixtures. 

Experimental  Data 

Maierial  tested:  Lucite  (.Methacrylate,  bilporit) 

Source  of  (lata:  Ref.  id 

Number  of  samples  rested.’  2 

shape  of  samples:  5hcet 

Propellant:  45*  N.ttt-45?  Nifi,N0,-iO?  tisb 

Pressure:  Atmospheric 
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Temperature:  72  to  74°C  (161  to  165°F) 

Time:  7  days 

RCrulfr:  The  samples  showed  a  slight  loss  in  weight,  but 
no  apparent  physical  changes  were  noted. 

Material  fester/:  Lucite 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Pro  pelf  ant:  Anhydrous  hydrazine  (95.5®) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  29° C  (85°F) 

Time:  39'  days 

Results:  Approximately  3®  hydrazine  decomposition  was 
Observed  (about  twice  that  noted  in  the  blank 
fuO  In'  glass). 

id.  Melamine  formaldehyde.  Melamine  formaldehyde 
was  affected  to  some  extent  by  the  hydrazine  nitrate  mix¬ 
ture  used  in'  the  test,  ft  probably  would  be  acceptable  in 
contact  withl  hydrazine  nitrate  mixtures  or  anhydfous 
hydrazine  lot  terms  limited  to  approximately  a  week. 

Experimental  Data 

Sidteridt  tested:  Melamine  formaldehyde  (Mfelmac  IStttt) 

Source  of  data:  Ref.  id 

NUinher  Of  sa/rtpler  tested:  2 

Shape  of  samptei!  Sheet 

Propellant:  St  N?H,-45*  N=H,Nbn-10*  k,0 

Pressure:  Atmospheric 

Temperature:  72  to  74°t!  (161  to  1653R) 

ThtlC;  7  days 

kesttili:  Tlib  Sllihjpteti  AbqWod  a  definite  toss  lit  weight 
(3.idxj.  A  bleaching  effect  was  noted  hi  both  the 
liquid  and  the  vapor  phase. 


Ui  Nylon.  Nylon  appears  to  possess  limited  accept¬ 
ability  for  llsb  With  AnhydirtiUs  hydrAzino  Or  Hydhtfhe 
nitrate  solutions.  It  appArently  would  be  Usable  lor  short¬ 
term  contact,  bill  hot  for  extended  application. 


Shape  of  samples:  Sheet 

Propellants:  97.5®  N,FT,-1 .9®  H  ,0-0.67  NH, 

78,47  N,H  ,-18.17  N,H,NO}-.37  H.O- 
0.57  NR 

44.97  NJI.-45.37  N,K»NO,-9.47  H,0- 
0.47  NH, 

19.67  NaH, -78.47  N,HJNO.,-187  H,0- 
0.27  NH, 

Pressure:  Atmospheric 
Temperature:  Ambient 
Time:  167  to  382  days 

Results:  The  samples  varied,  but  all  showed  yellowing 
and  brittleness.  The  worst  samples  exhibited  a 
roughened  and  powdery  surface. 


12.  Phenolic,  'flu's  material  would  probably  br  suitable 
for  contact  with  both  the  hydrazine  nitrate  mixtures  and 
anhydrous  hydrazine  for  times  limited  to  a  few  days. 
However,  because  of  Its  definite  chemical  breakdown,  it 
should  be  avoided  if  possible. 

Experimental  Data 


Material  tested:  Phenolic  (BN-250) 

Sotirce  of  data :  fiel,  xU 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45*  Nall,-45*  N3H3NO,-10*  H,G 

Pressure:  Atmospheric 

Temperature:  72  to  74  °C  (iBl  to  iHS^F) 

Time:  7  days 


Results:  the  loss  In  weight  of  the  sample  was  slight,  hut 
the  surface  of  --  h’"ferin!  showed  definite 


slgris  of  chemical  reaction. 


13.  Polyester.  Polyester  appeared  to  be  rather  readily 
attacked  by  tlte  hydrazine  nitrate  test  mixture  and,  con¬ 
sequently,  is  H6t  recommended  for  use  with  hydrazine 
nitrate  mixtures.  Ih  All  likelihood,  it  VvOuld  behave  com¬ 
parably  lit  anhydrous  hydrAzitte. 


JExperimenfaJ  Data 


Experimental  Data 


Material  tested:  Nylon  (16661)  Materials  tested:  (1)  Polyester  (560) 

Source  of  bata:  Ref.  5  (2)  Polyester  (P-il/Styrenc,  57  Al, 

feibhcC  of  samples  tested:  4  2*  Co) 


tot*  io 
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Source  of  data:  Ref,  10 

Number  of  samples:  2  each 

Shape  of  samples:  Sheet 

Propellant:  45*  N,H.,-45*  N,HSNO,-10*  HsO 

Pressure:  Atmospheric 

Temperature:  72  to  74°C  (161  to  165°  F) 

Tfmc;  7  days 

Results:  A  slight  toss  in  weight,  a  definite  color  change. 

and  decomposition  of  the  material  was  noted 
in  all  cas^s.  A  pungent  gas  was  noted  during 
and  after  removal  of  the  samples  from  the  oven. 

i4.  Polyethylene.  Polyethylene  appears  to  be  well 
suited  for  Use  with  anhydrous  hydrazine  or  hydrazine 
nitrate  mixtures.  All  experimental  data  indicate  no  change 
in  tfife  physical  condition  of  the  polyethylene  for  time 
periods  of  somewhat  mbre  than  1  yr,  at  both  ambient  and 
elevated  temperatures. 

Experimental  Data 

Material  tested:  Polyethylene 

Soiirce  of  data:  Met.  5 

A I  timber  bf  .ram  files  tested;  4 

Sfiitpe  of  samples:  Sheet 

Propellants:  67.5*  hi.jib-l.fi*  11,0-0.9*  NH, 

28.4*  NA-lS.l*  N:H,NO,-3*  ttjO- 
U.5*  Ntta 

44.9*  N, ii, -45.3*  NiH,N01-1.6?  H,0- 
0.4*  Nk, 

19.(5*  Nfk,-7fl,4*  N,k,N<V9.4*  H-O- 

0.2*  Nk, 

Temperature.  Ambient 
Time;  3l2  to  083  days 

Results:  The  Sdthples  were  apparently  unaffected. 

Material  tested:  Polyethylene 

Source  of  data:  Ref.  8 

Number  of  samples  tested:  1 

Sha/ie  Of  sample:  Sheet 

Prdfiellant:  70*  Nsk*-95*  NsR.Ndj-S*  H.O 

Pressure;  Atmospheric 

Temperature:  71  °C  (lef)0F) 

Time;  9  Wk 

Results:  A  Very  slight  weight  increase  was  observed,  hut 
nb  apparent  change  occurred  in  the  physical 
condition  of  the  Specimen. 


Material  tested:  Polyethylene 
Source  of  data:  Ref.  9 
Number  of  samples  tested:  1 
Shape  of  sample:  Strip 
Propellant:  Anhydrous  hydrazine 
Pressure;  Atmospheric 
T emperaturc.  21  to  23°C  (70  to  73°F) 

Time :  12  mo 

Rcst/ltS:  No  toss  or  gain  in  the  weight  of  the  sample  was 
observed.  The  material  was  completely  satis¬ 
factory  after  contact  with  hydrazine  for  a 
period  of  lyi. 

Material  tested:  Polyethylene 
Source  of  ddtd;  Ref.  9 
Ntimhbt  of  samples  tested:  1 
Shape  of  sample:  Strip 
Propellaht:  Anhydrous  hydrazine  (95.1*) 

Pressure.  Atmospheric 
Temperature:  65°C  (149°F) 

Time;  12  too ' 

Results;  Nb  change  occurred  in  the  weight  or  appear¬ 
ance  bf  the  sample.  The  material  was  com¬ 
pletely  satisfactory  after  contact  with  hydia- 
ztiie  fbi  period  of  1  yt. 

Material  tested;  Polyethylene 
Sotlrcb  0/  data:  Ref.  18 
Experimental  theta:  NdHe  given 
Rcstdts:  The  material  wrts  considered  by  North  Ameri¬ 
can  Aviation,  ihc.,  to  he  sulHble  in  contact  with 
hydrazine  fat  tong-rime  setvmo  at  temperatures 
up  to  i3P°P 

Material  tested:  Polyethylene 
Source  of  data;  Ref.  6 
Number  of  samples  tested  ■  1  Or  2 
Propellant:  AtthydroUS  hydrazine  (05.5*) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26SC  (SfaP) 

Time:  39  days 

Results;  Approximately  9*  hydrazine  deCifthpbsitibh  Was 
observed  {abobt  \i%  more  than  that  rbfad  far 
the  blank  run  in  glass). 

IS.  Polystyrene  <md  polydichlorostyrene.  both  of  these 
materials  exhibited  physical-property  changes  after  cbn- 
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tact  with  anhydrous  hydrazine  or  hydrazine  nitrate  mix¬ 
tures.  Although  they  will  probably  stand  up  for  short 
periods  of  time,  their  use  is  not  recommended. 

Experimental  Data 

Materials  festal:  (1)  Polystyrene  (Koppers) 

(2)  Polydichlorostyrene  (Mathieson) 
Source  of  data:  Ref.  10 
Number  of  samples  tested:  1  eacli 
Shape  of  samples:  Sheet 
Proliant:  45%  NSH<-45!E  N„HaNO,-!0%  H-O 
Pressure:  Atmospheric 
Temperature:  72  to  74°C  (101  to  165°F) 

Time:  7  days 

Results:  Surface  changes  and  warping  were  observed. 

Material  tested:  Polystyrene 

Source  of  data:  Ref.  5 

Number  of  samples  tested:  4 

Shape  of  samples:  Sheet 

Ptopef/mifs:  97.5*  N3H,-1.9%  11,0-0.6*  NH„ 

78.4%  fi,ti4-lS.l%  N,H„NO3-0%  H,0- 
0.5*  NH, 

44;0%N,H,-45.3!lN1!H,NO.1~O.4%H2O- 

0.4*  nh, 

19.6%  NjH,-7B.4%  NcHjNO,— 1.8%  H,0~ 

0.2%  NH, 

Pressure:  Atmospheric 
Temperature:  Ambient 
Time:  43  to  388  days 

ttertilfj;  All  the  samples  exhibited  large  Weight  increases 
and  internal  frosting  and  cracking  or  caused  gas 
evolution  and  solution-composition  changes. 
tW  material  is  not  recommended  fbr  long-term 
storage. 

10.  Polyou/iyl  alcohol.  This  material  is  completely 
unsatisfactory  for  use  with  anhydrous  hydrazine.  No  data 
Are  Available  on  its  compatibility  with  hydrazine  nitrate 
mixtures,  However,  ft  is  probable  that  it  would  be  equally 
unsatisfactory  in  the  latter  application. 

Experimental  Data 

Material  tested:  Polyvinyl  alcohol 
Source  of  data:  Ref.  9 

Mf*  32 


Number  of  samples  tested:  1 

Shape  of  sample:  Sheet 

Propellant:  Anhydrous  hydrazine  (95.1%) 

Pressure:  Atmospheric 
Temperature:  21  to  23°C  (70  to  7-T’F) 

Time:  Vj  hr 

Results:  The  material  swelled  and  started  to  disintegrate 
in  Vj  hr 

Material  tested:  Polyvinyl  alcohol 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Sheet 

Propellant:  Anhydrous  hydrazine  (95.1%) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F> 

Time:  1  hr 

Results :  The  material  swelled  in  1  hr. 

17.  PohjOinyl  chloride  (Koroscal,  Vinyl: tv).  The  consen¬ 
sus  among  the  organizations  which  have  tested  polyvinyl 
chloride  is  that  this  material  is  completely  unsatis¬ 
factory  for  contact  with  hydrazine  or  hydruzlnc  nitrate 
mixtures.  All  organ!  "ons,  with  one  exception,  report 
severe  changes  in  the  physical  properties  of  the  polyvinyl 
chloride  within  a  short  time. 

Experimental  Data 

Material  tested:  Polyvinyl  chloride  (D,  F  Goodrich) 

Source  of  data:  Ref.  10 

Number  of  samples  tested-  2 

Shape  of  samples:  Sheet 

Propellant:  45%  N:H4-45%  N,H,NO,-10%  HJD 

Pressure.*  Atmospheric 

Temperature:  72  to  74°C  (ltd  to  165°F) 

Time:  7  days 

Resirfts:  The  samples  showed  definite  weight  gains  and 
changes  in  physical  properties.  Hie  material 
changed  color,  and  the  surface  of  the  material 
cracked  ahd  blistered. 

Material  tested:  Polyvinyl  chloride  (unplasticized) 

Source  of  data:  Ref.  8 

Number  Of  samples  tested:  1 

Shape  of  sample:  Sheet 

Propellant:  70%  NsH,-25%  N,H5NO,-5%  HaO 
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Pressure :  Atmospheric 
Temperature ;  71°C  (160°F) 

Tima:  9  wk 

Results:  The  specimens  turned  brown,  swelled,  and  were 
extensively  blistered.  Ncedlelike  crystals  were 
obviously  formed.  The  material  is  considered 
unsuited  for  use  with  hydrazine  solutions. 

Material  tested:  Polyvinyl  chloride 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.17) 

Pressure:  Atmospheric 
Temperature:  21  to  23DC  (70  to  73°F) 

Time:  7  days 

Results:  The  material  turned  deep  yellow  in  7  days. 

Material  tested:  Polyvinyl  chloride 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.1%) 

Pressure:  Atmospheric 
Temperature:  B5°C  (149°F) 

Time:  2  days 

Results:  The  material  swelled,  turned  deep  yellow,  then 
!>ecame  cream-colored  in  2  days. 

Material  tested:  Polyvinyl  chloride  (Koroseal,  B.  F. 
Goodrich) 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Sfttipe  of  sample:  Sheet 
Propellant:  Hydrazine  hydrate 
Pressure:  Atmospheric 
Temperature:  14  to  25CC  (59  to  75°F) 

Time:  67.5  hr 

Residts:  Small  blisters  on  the  sample  were  observed  at 
rim  end  of  the  test.  However,  M.  W.  Kellogg 
considered  the  material  satisfactory. 

Material  tested:  Polyvinyl  chloride  (Koroseal,  B.  F. 
Goodrich) 

Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  Tills  material  is  considered  by  North  American 
Aviation,  Inc.,  to  be  suitable  for  long-time  use 


at  remprrntures  up  to  122°F.  Some  swelling 
was  noted  at  higher  temperature  (I50°F). 

Material  tested:  Polyvinyl  chloride  (Vinyhtc,  Bakelite) 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  1 

Shape  of  sample:  O-ring  linear  mold  3248C 

Propellant:  Anhydrous  hydrazine  (94.48’i) 

Pressure:  Atmospheric 
Temperature:  15.2  to  23°C  (59  to  74°F) 

Time:  48  hr 

Results:  The  entire  sample  became  darker.  There  was 
some  loss  of  flexibility.  The  material  was  con¬ 
sidered  still  usable  at  the  end  of  the  test. 

IS.  Rubber  (natural).  The  majority  of  the  mgauiza- 
tions  which  have  tested  natural  rubber  with  anhydrous 
hydrazine  report  that  the  rubber  absorbtd  hydrazine,  It 
is  believed  tlmt  natural  gum  rubber  should  be  avoided, 
if  possible. 

Experimental  Data 

Material  tested:  "  birul  gum  rubber 
Source  of  data:  Ref.  4 
Number  of  samples  tested:  1 
Shape  of  sample:  Strip 
Propellant:  Anhydrous  hydrazine  (95.6%) 

Pressure:  Atmospheric 
Temperature:  20°C  (68°F) 

Time:  24  days 

Results The  m-it.-r.al  absorbed  hydrazine,  but  remained 
strong  and  pliable. 

Material  tested:  Natural  rubber 

Source  of  data:  Ref.  9 

Numbpr  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.1%) 

Pressure:  Atmospheric 
TemfKraturc:  21  to  23 DC  (70  to  73°F) 

Time:  22  hr 

Results:  In  22  hr,  the  specimen  swelled,  and  the  solu¬ 
tion  became  discolored. 

Material  tested:  Natural  rublter 
Source  of  data:  Ref,  9 
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Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.1?) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F) 

Time:  A  few  minutes 

Results:  The  sample  swelled  immediately  on  contact 
with  the  solution. 

Material  tested:  Natural  rubber  (U.  S.  Rubber) 

Source  of  data:  Ref.  18 
Test  Conditions.'  None  given 

Results:  The  material  is  considered  by  North  American 
Aviation,  Inc.,  to  be  satisfactory  for  extended 
usage  at  ambient  temperature,  or  at  tempera¬ 
tures  up  to  200°F  for  intermittent  use. 

Material  tested:  Pure  gum  rubber 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Propellant:  Anhydrous  hydrazine  (95.5*) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  1.5*  hydrazine  decomposition 
was  observed  (about  the  same  percentage  as 
that  attained  with  the  blank  run  in  glass), 

Material  tested;  Pure  gum  rubber 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Propellant:  Anhydrous  hydrazine  (95.5%) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  60°C  (140°F) 

Time:  30  days 

Results:  Approximately  1*  hydrazh  ,  .ition  was 

noted  (the  blank  run  In  Seated  4$ 

decomposition). 

19.  Rubber  ( synthetic).  Among  the  synthetic  rubbers, 
compatibility  data  were  found  and  evaluated  for  Neo¬ 
prene,  buna  N,  and  four  samples  of  synthetic  rubber 
especially  prepared  by  Picatinny  Arsenal. 

Neoprene  rubber  appears  to  absorb  hydrazine  rather 
quickly  and,  for  that  reason,  should  probably  be  avoided. 
If  required  for  a  specific  application,  it  should  be  used 
under  static  conditions  and  checked  often. 


Experimental  Data 

Material  tested:  Neoprene 

Source  of  data:  Rtf.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Sheet 

Propellant:  Anhydrous  hydrazine  (95.8?) 

Pressure:  Atmospheric 
Temperature:  20"C  (68DF) 

Time:  24  days 

Results:  The  specimen  absorbed  hydrazine,  but  still 
appeared  strong  and  pliable. 

Although  no  blanket  recommendation  can  be  made  for 
buna  N  base  rubbers,  the  two  samples  tested  appeared 
unaffected  over  a  span  of  23  days  and  would  probably  be 
satisfactory  for  at  least  a  few  months.  Frequent  checks 
of  the  material  should  be  made  if  it  is  used.  This  is  par¬ 
ticularly  true  for  dynamic  applications. 

Experimental  Data 

Material  tested:  Buna  N  compound  27-351  (Parker 
Rubber) 

Source  of  date  Unpublished  data  from  ,pl .  test  starting 
July  5,  195fl 

Number  of  samples  tested:  1 

Shape  of  sample:  f>-ring 

Propellant:  80%  NsH,-24%  N,  1SNO,-10%  HaO 

Pressure:  Atmospheric 

Temperature:  Ambient 

Time:  23  day : 

flesh/fs:  No  physical  change  occurred  in  the  O-ring  sub¬ 
merged  in  the  test  soution.  At  the  end  of  Jje 
test,  th  •  .’■'•'ineter  wa.  the  same  as  when  the 
sample  w.u,  placed  in  rhe  solution,  No  analysis 
was  o  .Hie  of  the  solution. 

Material  tested:  Buna  N  compound  SH-349-70  (Stillman 
Rubber) 

Source  of  data:  Unpublished  data  from  JPL  test  starting 
July  5, 1956 
Number  of  samples  tested:  1 
Shape  of  sample:  O-ring 
Propellant:  &  %  N2H.-24%  NaH,NO3-10%  11,0 
Pressure:  Atr  lospheric 
Temperature:  Ambient 
Time:  23  da  s 
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Results:  No  physical  change  occurred  in  the  submerged 
specimen.  The  diameter  of  the  O-ring  did  not 
change.  No  analysis  was  made  of  the  solution. 

Four  samples  of  synthetic  rubber  were  especially  pre¬ 
pared  by  Picntinny  Arsenal  to  resist  the  action  of  hydra¬ 
zine.  They  were  compounded  as  follows: 


Composition  in  Part* 

Component 

Sam- 

plo 

5am- 

plo 

Sam- 

plo 

5am- 

plo 

A 

B 

C 

D 

Natural  rubber 

100.0 

0.0 

0.0 

0.0 

Bute di»n ilyrtnv  copolymer 

0.0 

100.0 

0.0 

0.0 

Neoprene 

0.0 

0.0 

100.0 

0.0 

luladleneacrylonitrlle 

0.0 

0.0 

0.0 

100.0 

Sleorlc  add 

1.0 

1.0 

1.0 

0.5 

Zinc  eiide 

5.0 

3.0 

3.0 

3.0 

Sulphur 

1.5 

1.5 

1.0 

1.0 

Cirto-oll 

13.0 

15.0 

}  13.0 

15.0 

Thermofcmlc  carbon  black 

J.O 

50.0 

50.0 

50.0 

Pfieyl-6napfhy!amfne 

0.0 

0.0 

3.0 

0.0 

lenzuthlazyldliulphlde 

1.0 

1.0 

0.0 

1.0 

All  the  compounded  synthetic  rubbers  listed  above 
were  found  to  be  completely  unsatisfactory  with  anhy¬ 
drous  hydrazine,  as  indicated  below. 

Experimental  Data 

Materials  tested :  Synthetic  rubbers  A,  3,  C,  and  D 

Source  of  data:  Ref.  9 

Number  of  samples:  1  each 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.4*) 

Pressure:  Atmospheric 
T  emperatura:  21  to  23°C  (70  to  73°F) 

Tittle;  22  hr 

Results:  All  the  compounds  reacted  in  22  hr,  swelled, 
and  discolored  the  solution.  The  tests  were  dis¬ 
continued. 

Materials  tested:  Synthetic  rubbers  A,  R,  C,  and  D 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1  each 

Sha/w  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.4*) 

Pressure:  Atmospheric 


Temperature:  05 °C  (149°F) 

Time:  Up  ^4'!  hr 

Results:  Compounds  A  and  B  started  to  *well  in  2  hr. 

Compound  C  swelled  in  4'4  hr.  Compound  D 
started  to  swell  and  disintegrate  immediately. 

20.  Saran.  Saran  is  considered  unsatisfactory  for  use 
with  anhydrous  hydrazine  or  hydrazine  nitrate  mixtures. 
Deterioration  of  the  Saran  is  nppnrcnt  in  a  matter  of 
hours. 

Experimental  Data 

Material  tested:  Saran 

Source  of  data:  Ref,  10 

Number  of  samples  tested •  2 

Shape  of  samples;  Sheet 

Propellant:  45*  N.H.-45*  HsO 

Temperature:  72  to  74°C  (10  J  to  165°F) 

Time:  7  days 

Results:  The  sample  showed  a  definite  gain  in  weight 
(8.7*)  and  physical-property  changes. 

Material  tested:  Saran  (Bll-K-1791,  color  S-192B) 

Source  of  data:  Met.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.6*) 

Pressure:  Atmospheric 
Temperature:  20°C  (68LF) 

Time:  24  days 

Results:  At  the  end  of  the  test,  the  specimen  was  dark 
and  brittle. 

Material  tested:  Saran 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.17) 

Pressure;  Atmospheric 
Temperature:  21  to  23°C  (70  to  73°F) 

Time;  3  hr 

Results:  The  material  darkened  and  became  brittle  in 
3  hr. 

Material  tested:  Saran 
Source  of  data:  Ref.  9 
Number  of  samples  tested:  1 
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Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.12) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F) 

Time:  2  hr 

Results:  The  material  became  brittle  in  2  hr. 

Material  tested:  Saran 
Source  of  data:  Ref.  fl 
Number  of  samples  tested:  1  or  2 
Propellant:  Anhydrous  hydrazine  (95.52) 

Pressttre:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  2.52  hydrazine  decomposition 
was  noted  (about  12  more  than  that  for  the 
blank  run  in  gloss). 

21.  Silastic.  Silastic  appears  to  be  adequate,  ct  least  for 
moderate  contact  times  with  anhydrous  hydrazine.  Addi¬ 
tional  tests  should  be  run  before  silastic  is  used  for  periods 
of  more  than  a  few  weeks  with  hydrazine  nitrate  mixtures. 

Experimental  Data 

Material  tested:  Silastic  167  (Dow-Coming) 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  1 

Shape  of  sample:  O-ring  from  linear  mold  3248C 

Propellant:  Anhydrous  hydrazine  (94.4S2) 

Pressure:  Atmospheric 
Temperature:  15to23.9c’C(59to74°F) 

Time:  48  hr 

Results:  No  change  occurred  in  the  appearance  or  flex¬ 
ibility  of  the  sample.  The  material  is  considered 
satisfactory  by  M.  W.  Kellogg  Company. 


Material  tested:  Silastic 
Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results;  Silastic-type  elastomers  are  considered  satisfac¬ 
tory  at  temperatures  up  to  300°F  for  extended 
usage. 

22.  Teflon.  Teflon  is  considered  to  be  completely  com¬ 
patible  with  anhydrous  hydrazine,  hydrazine  hydrate,  and 
hydrazine-hydrazine  nitrate-water  mixtures.  AH  the 


organizations  that  have  tested  Teflon  report  no  change  in 
it::  physical  proposes  and  no  significant  decomposition 
of  the  hydrazine. 

Experimental  Data 

Material  tested:  Teflon 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  1 

Shape  of  sample:  Sheet 

Propellant:  Anhydrous  hydrazine  (94.482) 

Pressure:  Atmospheric 
Temperature:  10  to  25°C  (61  to  77'’ F) 

Time:  48  hr 

Results:  No  change  in  the  appearance  or  properties  of 
the  sample  was  observed. 

Material  tested:  Teflon 
Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Shape  of  sample:  Sheet 
Propellant:  Hydrazine  hydrate 
Pressure:  Atmospheric 
Temperature:  14tc_,’C  (57to75°F) 

Time:  67.5  hr 

Results:  No  attack  or  change  in  weight  of  the  sample 
was  observed.  The  material  is  considered  satis¬ 
factory  for  this  service. 

Material  tested:  Teflon 
Source  of  data:  Ref.  16 
Number  of  samples  tested.  8 
Shape  of  samples:  Extruded  Mi-in.  sheet 
Propellant:  Anhydrous  hydrazine  (962) 

Pressure:  Atmospheric 
Temperature:  Ambient 
Time:  119  to  382  days 

Results:  A  very  slight  gain  in  weight  occurred  in  all 
samples.  The  material  is  considered  satisfactory 
by  M.  W.  Kellogg  Company. 

Material  tested:  Teflon 

Source  of  data:  Ref.  8 

Number  of  samples  tested:  1 

Shape  of  sample:  Sheet 

Propellant:  702NiH.-252  N.H,NO,-52  HsO  ' 

Pressure:  Atmospheric 
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Temperature:  71°C  fl60°F) 

Time:  9  wk 

Results:  The  sample  appeared  to  have  suffered  no 
chnnges  in  physical  condition.  The  composition 
of  the  solution  did  not  change  to  any  significant 
degree. 

Material  tested:  Teflon 

Source  of  data:  Ref.  5 

Number  of  samples  tested:  4 

Shape  of  samples:  Sheet 

Pro)  clients:  97.57  N,H«-1.B*  H,O-0.6I  NH, 

78.47  N.H, -18.17  N,HcNO,-37  H,0- 
0.57  NH, 

44.67NSH)— 45.37  N,H„NO,-9.47  H.O- 
0.47  NH, 

19.67  NiH4-78.47  N»H,NO:,— 1.87H.O— 
0.27  NH, 

Pressure:  Atmospheric 
Temperature:  Ambient 
rime:  370  to  385  days 

Results:  All  the  samples  were  apparently  unaffected. 

The  compositions  of  the  solutions  did  not 
change  appreciably, 

Material  tested:  Teflon 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.67) 

Pressure:  Atmospheric 
Temperature :  20°C  (68°F) 

Time:  24  days 

Results:  No  change  was  observed.  Thi  material  was 
strong  and  pliable  and  had  absorbed  no 
hydrazine. 

Material  tested:  Teflon 
Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Re-tufts.-  The  material  is  considered  by  North  American 
Aviation,  inc.,  to  be  suitable  in  contact  with 
hydrazine  for  long-time  usage  at  temperatures 
up  to  500°F. 

Material  tested:  Teflon 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  lor  2 
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Propellant:  Anhydrous  hydrazine  (05.57) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26  VI  (50CF) 

Time:  30  days 

Results:  Approximately  27  hydrazine  decomposition  was 
observed  (about  'ii7  more  than  that  noted  in  the 
blank  run  in  glass). 

Material  tested:  Teflon 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Propellant:  Anhydrous  hydrazine  (95.57; 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  60°C  (140°F) 

Time:  30  days 

Results:  Approximately  27  hydrazine  decomposition  was 
observed  (about  one-half  as  much  decomposi¬ 
tion  as  that  noted  in  (lie  blank  mn  in  glass). 

Material  tested:  Teflon 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1 

Shape  of  sample:  atrip 

Propellant:  Anhydrous  hydrazine  (95.57) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature;  60°C  (140°F) 

Time;  4  mo 

Results:  Tile  sample  was  unaffected  and  did  not  decom¬ 
pose  tlie  hydrazine  to  any  ext  nt 

23.  Tygon.  Tygon  possesses  limited  suitability  for  use 
with  anhydrous  hydrazine.  Contact  times  should  be 
limited  to  short  periods.  The  material  should  not  be  used 
with  hydrazine  nitrate  mixtures  without  further  testing. 

Experimental  Data 

Material  tested:  Tygon 

Source  of  data.  Ref.  4 

Number  of  samples  tested:  '1 

Shape  of  sample:  ,  Strip 

Propellant:  Anhydrous  hydrazine  (95.67) 

Pressure:  Atmospheric 
Temperature:  20°C  (68°F) 

Time:  24  days 

Results:  flic  material  absorbed  hydrazine,  but  remained 
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strong  and  pliable.  After  drying,  the  material 
shrank  to  its  original  dimensions. 


24.  V.  S.  Rubber  Plastic  L7825.  This  material,  which 
is  a  polymer  of  butadiene,  styrene,  and  acrylic,  appears 
to  be  adequate  for  use  with  anhydrous  hydrazine  and 
hydrazine  hydrate  for  periods  of  a  few  weeks.  Additional 
tests  should  be  made  if  this  material  is  to  be  used  with 
hydrazine  nitrate'  mixtures  or  for  extended  time  periods. 

Experimental  Data 

Material  tested:  U.  S.  Rubber  Plastic  L7825 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  Anhydrous  hydrazine 

Pressure:  Atmospheric 

Temperature:  20  to  25°C  (68  to  77°F) 

Time:  140  hr 

Results:  The  hydrazine  turned  pink,  in  each  case.  A 
slight  loss  in  the  weight  of  the  sample  was 
noted.  No  change  occurred  in  the  appearance 
of  the  sample. 

Matt. tested:  U.  S.  Rubber  Plastic  L7825 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  Hydrazine  hydrate 

Pressure:  Atmospheric 

Temperature:  20  to  25° C  (68  to  77°F) 

Time:  168  hr 

Results:  No  change  In  the  appearance  or  weight  of  the 
samples  was  observed. 

Material  tested:  U.  S.  Rubber  Plastic  L7825 
Source  of  data:  Ref.  18 
Test  condition:  None  given 

Results.'  The  material  is  considered  by  North  American 
Aviation,  Inc.,  to  be  suitable  for  long-time 
ambient-temperature  usage  with  hydrazine. 


25.  V.  S.  Rubber  Plastic  M2O905.  This  material,  which 
is  a  polyethylene-polyisobutylene  polymer,  appears  to  be 


adequate  for  use  with  anhydrous  hydrazine  and  hydra¬ 
zine  nydrate  for  periods  of  a  few  weeks.  Additional  tests 
should  be  made  if  this  material  is  to  be  ust  .1  with  hydra¬ 
zine  nitrate  mixtures. 

Experimental  Data 

Material  tested:  'J.  S.  Rubber  Plastic  M20995 

Source  of  data:  Ref,  3 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  Hydrazine  hydrate 

Pressure:  Atmospheric 

Temperature:  20  to  25°C  (68  to  77°F) 

Time:  188  hr 

Results:  No  change  in  the  appearance  of  either  sample 
was  noted.  A  slight  gain  in  weight  occurred  in 
each  sample. 

Material  tested:  U.  S.  Rubber  Plastic  M20995 
Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  The  material  is  considered  by  North  American 
Aviation,  Inc.,  to  be  suitable  In  contact  with 
hydrazine  for  long-time  ambient-temperature 
uses. 


20.  Veloform.  Veloform  is  considered  to  be  unsatisfac¬ 
tory  for  use  with  hydrazine-hydiassine  aiir.’.te  -water  mix¬ 
tures  and,  in  all  likelihood,  would  be  unsatisfactory  with 
anhydrous  hydrazine. 

Experimental  Data 

Material  tested:  Veloform  (F-10CPP284) 

Source  of  data:  Ref.  10 

Number  of  samples  tested:  2 

Shape  of  samples:  Sheet 

Propellant:  45%  N„Ht-4S*  N-H.NOa-lO?  H,0 

Pressure;  Atmospheric 

Temperature:  72  to  74°C  (161  to  165°F) 

Time;  7  days 

Results:  The  samples  showed  a  definite  gain  in  weight! 

the  material  decomposed  and  swelled,  and  the 
color  changed  from  white  to  black. 
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C.  Miscellaneous  Materials 

I.  Asbestos.  Asbestos  apparently  is  not  physically 
attacked  to  any  dpgree  by  anhydrous  hydrazine.  Its  form 
of  manufacture,  however,  nppears  to  be  the  principal 
factor  in  determining  its  acceptability.  In  an  oral  com¬ 
munication  from  the  Fnirmount  Chemical  Company  to 
the  Battelle  Memorial  Institute,  it  was  pointed  out  that 
hard  asbestos  was  found  satisfactory  for  gasketing  and 
valve  packing,  but  that  soft  asbestos,  because  of  its  porous 
nature  and,  hence,  its  large  surface  area,  burst  into  Same 
when  soaked  with  hydrazine  and  exposed  to  air;  even 
hard  asbestos  must  be  watched  carefully  for  frayed  edges, 
which  may  become  soaked  with  hydrazine  (Ref.  6). 
Battelle  also  reports,  on  the  basis  of  communication  with 
Western  Cartridge  Company  (Ref.  6),  that  an  accident  at 
the  Western  Cartridge  plant  was  traced  to  asbestos  soaked 
with  hydrazine.  Mathieson  Chemical  Corporation  has 
stated  that  asbestos  acts  to  catalyze  the  decomposition  of 
hydrazine  (Ref.  2). 

It  is  recommended,  therefore,  that  asbestos  be  avoided 
if  possible.  If  it  Is  necessary  to  use  asbestos,  only  hard 
asbestos  should  be  used,  and  frequent  inspection  should 
be  undertaken. 

Experimental  Data 

Material  tested:  Asbestos 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample;  Strip 

Propellant:  Anhydrous  hydrazine  (95.6%) 

Pressure:  Atmospheric 
Temperature;  20° C  (68°F) 

Time:  24  days 

Results :  No  change  in  the  specimen  was  noted. 

Material  tested:  Asbestos 
Source  of  data:  Ref.  18 
T est  conditions:  None  given 

Results:  This  material  is  considered  by  North  American 
Aviation,  Inc.,  to  be  suitable. 

Material  tested;  Asbestos  (Pyroid) 

Source  of  data:  Ref,  6 
Number  of  samples  tested:  1  or  2 
Propellant:  Anhydrous  hydrazine  (95.5%) 


Pressure:  Closed  system,  initially  atmospheric 
Temperature .  26°C  (80°  F) 

Time :  30  days 

Results:  Approximately  2.0?  hydrazine  decomposition 
was  observed  (a  blank  run  in  glass  showed  1.5? 
decomposition). 

Material  tested:  Asbestos  (Vellumoid) 

Source  of  data:  Ref.  6 
Number  of  samples  tested:  I  or  2 
Propellant:  Anhydrous  hydrazine  (95.5%) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C  (80°F) 

Time:  30  days 

Results:  Approximately  2.0%  hydrazine  decomposition 
was  observed  (about  '!>?  higher  than  that  for  a 
blank  run  in  glass). 

2.  Glass.  Glass,  both  soft  and  hard  (Pyrex),  is  consid¬ 
ered  to  be  completely  satisfactory  for  contact  with 
anhydrous  hydrazine  and  hydrazine  nitrate  mixtures. 
Picatinny  Arsenal  reports  that  anhydrous  hydrazine 
stored  in  both  hard-  and  soft-glass  bottles  at  room  tem¬ 
perature  caused  solution  of  the  glass  after  12-mo 
storage.  The  nonvolatile  content  was  0.02%  at  65°C 
(149°F),  indicating  only  a  very  slight  amount  of  solution. 
The  hydrazine  stored  in  both  hard  and  soft  glass  at  room 
temperature  underwent  practically  no  decomposition 
after  1  year.  At  65°C  (149°F),  some  hydrazine  decomposi¬ 
tion  occurred;  however,  since  the  be* ties  were  opened 
frequently  to  extract  samples,  it  Is  believed  that  the 
detomncsiiion  vra*  not  eausd  by  the  glass. 

Experimental  Data 

Material  tested:  Soft  glass 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Rod 

Propellant:  Anhydrous  hydrazine  (95.4%) 

Pressure:  Atmospheric 
Temperature:  21  to  23“C  (70  to  73°F) 

Time:  12  mo 

Results:  No  change  in  the  weight  or  appearance  of  the 
sample  was  noted. 

Material  tested:  Hard  glass  (Pyrex) 

Source  of  data:  Ref.  9 


confidential 


Fat*  99 


Memorandum  No.  20-152 


CONFIDBNTIAL 


Jet  Propulsion  laboratory 


Number  of  samples  tester!:  1 

Shape  of  sample:  Rod 

Propellant:  Anhydrous  hydrazine  (95.4%) 

Pressure:  Atmospheric 
Temperature:  21  to23°C  (70to73DF) 

Time:  12  mo 

Results:  No  change  in  the  weight  or  appearance  of  the 
sample  was  observed.  In  a  separate  test,  a  hard- 
glass  bottle  containing  hydrazine  of  95.4%  com¬ 
position  before  storage  showed  a  composition 
of  93.1*  after  12  mo.  The  bottle  bad  been 
opened  and  closed  many  times  and  had  air 
above  the  liquid. 

Material  tested:  Soft  glass 

Source  of  data:  Ref.  9 

Number  of  samples  tested.  1 

Shape  of  sample:  Rod 

Propellant:  Anhydrous  hydrazine  (95.4%) 

Pressure:  Atmospheric 
Temperature:  65°C  (149°F) 

Time:  12  mo 

Results:  No  change  in  the  weight  or  appearance  of  the 
sample  was  noted  at  the  end  of  the  test. 

Material  tested:  Hard  glass  (Pyres) 

Source  of  data:  Ref.  9 

Number  of  samples  tested:  1 

Shape  of  sample:  Rod 

Propellant:  Anhydrous  hydrazine  (95.4*) 

Pressure:  Atmospheric 
Temperature;  85°C  (149°F) 

Time:  12  mo 

Results:  No  change  in  the  weight  or  Appearance  of  the 
sample  had  appeared  at  the  end  el  the  lest.  In 
a  separate  test,  a  hard-glass  bo”’"  containing 
hydrazine  of  95.4*  composition  ct  Hie  s'art  of 
the  test  showed  a  concentration  c:  b>.9*  after 
12  nw.  The  container  had  been  opened  several 
times  and  air  had  been  admitted  above  the 
liquid. 

Material  tested:  Glass 

Source  of  data:  Ref.  6 

Number  of  samples  tested :  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.5*) 

Pressure:  Closed  system,  initially  atmospheric 


Temperature:  60°C  (140r  Fl 
Time:  4  mo 

Results:  The  samp  e  was  unaffected  and  did  not  decom¬ 
pose  the  hydrazine  to  any  extent. 

3.  Graphite.  It  is  believed  that  graphite  presents  much 
the  same  type  of  compatibility  problem  as  does  asbestos. 
That  Is,  the  form  in  which  the  graphite  is  processed  is  the 
controlling  factor  in  its  compatibility.  It  appears  that 
physically,  graphite  is  relatively  unaffected  by  hydrazine. 

The  ust,  of  graphite  should  probably  be  avoided,  if 
possible.  If  it  is  required  for  a  specific  upplic./lon,  care 
should  be  taken  to  utilize  graphite  of  low  porosity,  and 
frequent  inspections  should  be  made. 

Experimental  Data 

Material  tested:  Natural  carbon  porous  graphite,  grade 
00 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Propellant:  Anhydrous  hydrazine 
Pressure:  Atmos  1  -ric 
Temperature:  15  to  24°C  (i>9  to  75°F) 

Time:  48  hr 

Results:  The  material  itself  was  apparently  unaffected; 

however,  there  was  a  greater-than-normal 
decomposition  of  the  hydrazine.  The  material 
is  not  recommended  by  M.  W.  Kellogg 
Company. 

Material  tested:  Graphite  valve  packing 

Source  of  data:  Ref.  4 

Number  of  samples  tested:  1 

Shape  of  sample:  Strip 

Propellant:  Anhydrous  hydrazine  (95.6*) 

Pressure;  Atmospheric 
Temperature:  20°C  (08DF) 

Time:  24  days 

Results:  No  change  in  the  specimen  was  noted. 


4.  Graph  (ter.  Because  of  the  close  similarity  of  graphi- 
tar  to  graphite,  it  is  believed  that  the  evaluation  given 
for  graphite  adequately  describes  the  compatibility  of 
graphitar. 
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Experimental  Data 

Material  tested :  Graphitar  2  (U.  S.  Graphite) 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Shape  of  sample:  Cut  from  foil 
Propellant:  Anhydrous  hydra2ine  (94.48?) 

Pressure:  Atmospheric 

Tempo  Uure:  15  to  23.2°C  (59  to  74°F) 

Time:  48  hr 

Results:  The  materia!  itself  was  apparently  unaffected; 

however,  there  was  a  greater-than-normnl 
decomposition  of  tho  hydrazine.  The  material 
is  not  recommended  by  M.  W.  Kellogg  Com¬ 
pany. 

Material  tested:  Grophitnr  50  (U.  S.  Graphite) 

Source  of  data;  Ref.  3 
Number  of  samples  tested:  1 
Shape  of  sample:  Cut  from  foil 
Propellant:  Anhydrous  hydrazine  (94.488) 

Pressure:  Atmospheric 
Temperalurr:  15.3  to  22CC  (59  to  72°F) 

Time:  48  hr 

Results:  The  material  itself  was  unaffected;  however, 
there  was  a  greater-than-normnl  decomposition 
of  the  hydrazine.  The  material  is  not  recom¬ 
mended  by  M.  W.  Kellogg  Company. 

Material  tested:  Graphitar  2 
Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  The  material  is  considered  suitable  in  contact 
with  hydrazine  by  North  American  Aviation, 
Inc, 

Material  tested:  Graphitar  50 
SoUrec  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  The  material  is  considered  suitable  in  contact 
with  hydrazine  by  North  American  Aviation, 
Inc. 


5.  Pipe-joint  compounds.  North  American  Aviation, 
Inc.,  rates  all  three  of  the  compounds  listed  below  as 
being  acceptable  for  hydrazine  service.  However,  no 
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detailed  experimental  data  are  given  regarding  test  con¬ 
ditions,  etc. 

Experimental  Data 

Material  tested:  AN-C-53  thread  compound  (Socony- 
Vacuum  and  others) 

Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  The  material  is  considered  suitable  for  hydra¬ 
zine  service. 

Material  tested:  Oxyseai  (Purker  Appliance) 

Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  The  material  is  considered  suitable  for  hydra¬ 
zine  service. 

Material  tested:  Thread-Tite  (Armite  Laboratories) 
Source  of  data:  Hef.  18 
Test  conditions:  None  given 

Results:  The  material  is  considered  suitable  for  hydra¬ 
zine  service. 

6.  Rags.  Liquid  hydrazine,  when  in  contact  with  an 
organic  material  such  as  wiping  rags,  may  smoulder  and 
burst  into  flame.  Rags  should  not  be  used  to  pick  up 
spillage  (Ref.  2). 


7.  Silicone  lubricant*.  The  slllco.ie  lubricants  listed 
below  are  apparently  suitable  foi  moderate  contact  with 
hydrazine.  Additional  data  should  be  obtained  before  any 
long-term  applications  are  considered. 

Experimental  Data 

Material  tested:  Silicone  lubricant  DC-710 
Source  of  data:  Ref.  3 
Number  of  samples  tested:  1 
Propellant:  Hydrazine  hydrate 
Pressure:  Atmospheric 
Temperature:  19  to  25°C  (06  to  77°F) 

Time:  67.5  hr 

Results:  A  slight  scum  had  appeared  on  the  surface  of 
the  hydrazine  at  the  end  of  the  test.  The  sili¬ 
cone  was  slightly  decomposed. 
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Pressure:  Atmospheric 

Temperature:  20  to  25°C  (OS  to  77° F) 

Time:  211  and  211.5  hr 

Results:  The  penetration/year  is  negligible. 


Material  tested:  Silicone  lubricant  DC-710 
Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  The  material  is  considered  by  North  American 
Aviation,  Inc.,  to  be  suitable  in  contact  with 
hydrazine.  It  will  bo  thermally  stable  at  tem¬ 
peratures  up  to  500°F. 

Materials  tested:  Silicone  lubricants,  DC-200  series 
Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  The  lubricants  are  considered  by  North  Amer¬ 
ican  Aviation,  Inc.,  to  be  suitable  in  contact 
with  hydrazine. 

Material  tested:  Silicone  lubricant  DC-550 
Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results;  The  material  is  considered  by  North  American 
Aviation,  Inc.,  to  be  suitable  in  contact  with 
hydrazine. 

Material  tested :  Silicone  plug-cock  grease  (Dow* 
Coming) 

Source  of  data:  Ref.  18 
Test  conditions:  None  given 

Results:  The  material  is  considered  by  North  American 
Aviation,  !nc.,  to  be  suitable  in  contact  with 
hydrazine. 

S.  Solder  (lead-tin).  The  experimental  data  available 
indicate  that,  from  a  corrosion  standpoint,  lead-tin  solder 
would  be  acceptable  in  contact  with  hydrazine  at  ambient 
conditions  for  at  least  a  week.  However,  in  view  of  the 
poor  behavior  exhibited  by  metallic  lead,  as  Well  as  tire 
fact  that  oxides  of  tin  reduce  the  Ignition  temperature  of 
hydrazine,  it  is  believed  that  the  material  should  be 
avoided.  Silver  solder  would  appear  to  be  a  better  choice 
where  soldering  is  required. 

Experimental  Data 

Material  tested:  Solder  (90S  Pb,  10*  Sn) 

Source  of  data:  Ref.  8 
Number  of  samples  tested:  2 
Shape  of  samples:  Rolled  sheet 
Propellant:  Anhydrous  hydrazine  (93.23*) 


Material  tested:  Solder  (90*  Pb,  10*  Sn) 

Source  of  data:  Ref.  3 

Number  of  samples  tested:  2 

Shape  of  samples:  Rolled  sheet 

Propellant:  Vapor  over  anhydrous  hydrazine  (OS  .23*) 

Pressure:  Atmospheric 

Temperature:  20  to  25°C  (88  to  77°F) 

Time:  211  and  211.5  hr 

Restdls:  The  penetration/ycar  is  negligible. 

Material  tested:  Solder  (90*  Pb,  10*  Sn) 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  2 
Shape  of  samples:  Holled  sheet 
Propellant:  Hydrazine  hydrate  (06.56*) 

Pressure:  Atmospheric 
Temperature:  20  to  25°C  (88  to  77°F) 

Time:  143  and  210  "  '.r 

Results:  No  corrosion  or  change  in  the  weight  of  the 
samples  was  observed. 

Material  tested:  Lead-tin  solder 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Shape  of  samples:  Strip 
Propellant:  Anhydrous  i.^Jraz’ne  (95.5%) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  28°C  (80°F) 

Time:  30  days 

'  emits:  Approximately  3.75*  hydra-  •  >e  decomposition 
was  noted  (the  blank  run  in  glass  shov/ed  1.5* 
decomposition). 

Material  tested:  Lead-tin  solder 
Source  of  data:  Ref.  6 
Number  of  samples  tested:  1  or  2 
Shape  of  samples:  Strip 
Propellant:  Anhydrous  hydrazine  (95.5*) 

Pressure;  Closed  system,  initially  atmospheric 
Temperature:  0O°C  (140°F) 

Time:  30  days 

Results:  Approximately  3*  hydrazine  decomposition  was 
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observed  (about  1 %  less  than  the  decomposition  /Jesuits:  No  corrosion,  penetration/year,  or  change  in 
appearing  in  the  blank  run  in  glass).  the  weight  of  the  samples  was  noted. 


9.  Solder  {silver).  Silver  solder  appears  to  bo  accept¬ 
able,  at  least  for  short-term  or  intermittent  contact  with 
anhydrous  hydrazine  and  hydrazine  hydrate.  Experience 
at  this  Laboratory  indicates  equal  acceptability  with 
hydrazine  nitrate  mixtures, 

For  longer-term  applications,  additional  tests,  as  well 
as  periodic  inspections,  should  be  made  becauso  of  the 
possibility  of  leaching-ont  the  zinc. 

Experimental  Data 

Material  tested:  Easy  Flo  silver  solder  (508  Ag,  15.58  Cu, 
16,5*  Zn,  18*  Cd) 

Source  of  data:  Ref.  3 
Number  of  samples  tested:  2 
Shape  of  samples:  IWn.  rod 
Propellant:  Anhydrous  hydrazine  (93.238) 

Pressure:  Atmospheric 
Temperature:  20  to  25°C  (68  to  77°F) 

Time:  165  to  190  hr 

Results:  No  corrosion  was  evident,  nnd  the  penetration/ 
year  was  negligible. 


Material  tested:  Easy  Flo  silver  solder 

Source  of  data:  Ref,  3 

Number  of  samples  tested:  2 

Shape  i if  samples:  K-in.  rod 

Propellant:  Vapor  over  anhydrous  hydrazine  (93.238) 

4  Pressure:  Atmospheric 

Temperature:  20  (o  25°C  (68  to  77°F) 

Time:  211  and  211.5  hr 

*  Results:  No  corrosion  and  no  penetration/year  were 

observed. 


Material  tested:  Easy  Flo  silver  solder 
Source  of  data:  Ref.  3 
Number  of  samples  tested:  2 
Shape  of  samples:  f»-in.  rod 
Propellant:  Anhydrous  hydrazine  (96.068) 

Pressure:  Atmospheric 

Temperature:  110  to  125°C  (230  to  257°F) 

Time:  50  hr 

Results:  No  corrosion  or  change  in  weight  was  noted  for 
either  sample. 

Material  tested:  Silver  solder 
Source  of  data:  Ref.  0 
Number  of  samples  tested:  1  or  2 
Shape  of  samples:  Strip 
Propellant:  Anhydrous  hydrazine  (95.58) 

Pressure:  Closed  system,  initially  atmospheric 
Temperature:  26°C(80°F) 

Time:  30  days 

Results:  Approximately  3*  hydrazine  decomposition  was 
observed  (about  twice  that  noted  with  the 
blank  run  in  glass). 

Material  tested:  Silver  solder 

Source  of  data:  Ref.  6 

Number  of  samples  tested:  1  or  2 

Shape  of  samples:  Strip 

Propellant:  Anhydrous  hydrazine  (95.58) 

Pressure:  Closed  system,  ini'  iully  atmospheric 
Temperature:  60°C  (140°F) 

Time:  30  days 

Results:  Approximately  D?  hydrazine  decomposition  was 
observed  (about  twice  as  much  as  that  for  the 
blank  run  in  glass). 


Material  tested:  Easy  Flo  silver  solder 
SuUree  of  ddM:  Ref.  3 
Number  of  samples  tested:  2 
Shape  of  Samples:  K-in.  rod 
Propellant:  Hydrazine  hydrate  (66.568) 
Pressure:  Atmospheric 
Temperature:  20  to  25°C  (68  to  77«F) 
Time:  141.5  and  142  hr 


10.  Varnish.  North  American  Aviation,  Inc,,  indicates 
at  least  short-term  prelection  with  varnishes  utilizing  UUf- 
coho  resins  of  the  DC-800  series. 

Material  tested:  Varnish  (formulated  with  DC-800-seHes 
silicone  resins) 

Source  of  data:  Ref.  18 
Test  conditions:  None  given 
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Results:  Tliis  material  will  provide  adequate  splash  11.  Wool.  Liquid  hydrazine  in  contact  with  an  organic 
protection  and  will  withstand  immersion  for  material  such  as  'uool  may  start  to  bum  spontaneously, 

short  periods.  Wool  should  never  bt  used  near  hydrazim  (Kef.  2). 
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